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AREMEDIAL WVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE LINIT: WELDON SPRING SITE, WELDQN SPRING, MO

ABSTRACT

The Weldon Spring Quarry was used for waste disposal by the U.S. Department of Defense
and the Atomic Energy Comimission form the 1940s through the 1960s. In 1990, a Record of
Decision cailing for excavation of this waste was signed by the U.S. Environmental Protection
Agency (EPA), and the U.8. Department of Energy (DOE) completed removal in 1995, This
report provides information developed from characterization of contamination in affected
geological media after the waste was removed.
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SUMMARY OF CHANGES

Revision 2 of the Remedial Invesﬁgaﬁan Jor the Quarry Residuals Operable Unit reflects
the following text changes:’

Section 6.2.3.] Radium was deleted as a elevated parameter in disturbed soils,

Section §.1.1.1 References to geologic cross-sections were corrected.

Table 9-2 Antimeny was included in this table.

Section 9.5.3 A discugsion of background ranges for uranium were added to the text.

Section 9.6 : A discussion of background ranges for uranium were added to the summary
of significant observations.

Section 104 The reference for the Baseline Risk Assessment was included in the text.

Section 12,7 Revisions were incorporated to reflect changes in Section 9.

Table E-1 The Area Code for the West Slope was corrected to QP-WS.

Table E-5 The format of this table was updated for better data presentation.

Table F-3 Data sammaries for the upper slough (USL) and Missouri River (MR) were
omitted from Revision 1.

Table G-1 . The monitoring interval for MW-1017 was corrected,

Several minor editorial corrections were also made throughout the document.
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1 INTRODUCTION
1.1  Scope

The Quarry Residuals Operable Unit is one of four operable units included in the Weldon
Spring Site Remedial Action Project (WSSRAP) as registered in the National Priorities 1.ist under
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The
Weldon Spring quarry is located approximately 30 miles west of St. Louis (Figure 1-1) between
Defiance and Weldon Spring, in St. Charles County, Missouri. It is 4 -miles southwest of the
Weldon Spring Chemical Plant site on Missouri Highway 94, S

S BPRING T

. El:_?_'\le'UNE'. o

e, S
.. . A ".:-.-".HMI e
a 4 1zakhe. . -

L EEMLE

FIGURE 11 Locatiur"..of‘tha'fﬁaldan S.pri.r.'u.g tluarr’y

The Weldon Spring quarry was excavated into limestone biuffs at the northern edge of the
Missouri River alluvial floodplain, which extends approximately 1 rnile south to the river. The
quarry was used for waste disposal by the Department of Defense and the Atomic Energy
Commission from the 1940s through the 1960s. In 199, a Record of Decision (Ref. &) calling
for excavation of the bulk waste was signed by the U.5. Environmental Protection Agency (EPA),
and removal was completed in 1995,

DOE/ORZ 548-687, Rav. 2 [Final) S 1-1 022493
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Through the Quarry Residuals Operable Unit, the Department of Encrgy (DOE) is
addressing radiological and chemical contamination remaining in affected media after excavation .
of the bulk waste. This report provides informaiion developed from characterization of .
contamination in these media. In support of the Operable Unit, the Work Plan for the Remedial
Investigation/Feasibility Study-Environmental Assessment for the Quarry Residuals Operable Unit
at the Weldon Spring Site (Ref. 1) was finalized in January 1994 and provided guidance for
investigations conducted in support of this remedial investigation report. The work plan alse
includes detailed discussions of site history, geology, hydrology, and ecology and summarizes
analytical data collected prior to 1994, The Quarry Residuals Sampiing Plan (Ref. 2) also becarne
final in January 1994. Two addenda to the sampling plan, one addressing characterization of the
quarry proper and the other addressing resurgens water in the quarry pond and data gaps, were
prepared in 1995. This remedial investigation report describes the results of these characterization
efforts. :

1.2 Authorizing Documentation

This remedial investigation report is prepared to comply with the requirements set forth
in 40 CFR 300, Narional Qil and Huzardous Substances Pollution Cortingency Plan and the
Environmental Documentation Department Plan (Ref. 3). For remedial action sites, it is DOE
policy to integrate values associated with the National Environmenial Policy Act (NEPA} into the - f
CERCLA decision-making process. The analyses contained herein address NEPA values as
. appropriate to the actions being considered for this operable unit.

1.3  Document Organization

This document contains thirteen sections: introductory material is presented in Sections 1

" through 3; Sections 4 through ¢ are organized by media and contain discussions of results from

this remedial investigation. These chservations are carried forward (o Section 10, where (he fate

and transport of contaminants are examined as a continuous system. A summary of the baseline

risk assessment is presented in Section 11. A summary of major conclusions and a discussion of
nossible additicnal invest:igatiﬂn;s ate presented in Section 12. References are included in Section
13. Appendices are located in Volume II of this report and contain supporting data and

information. '

DOE/CRIZ1548-587, Bev. 2 [Final} _ 1-2 ' : 022438 .
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2  BACKGROUND INFORMATION

This section describes the history of waste disposal and remedial activities at the Weldon
Spring Quarry. : IR

2.1  Site Description

The Weldon Spring quarry consists of two areas: the quarry proper and the adjacent
support facilities area. The quarry proper consists of the 9-acre quarry which was excavated info
the limestone blnff of the Missouri River floodplain. Presently, a pond occupies the lowest point .
of the guarry. '

The adjacent 2-acre support facilities area is comprised of the quarry water treatment plant
and its associated basins and the facilities utilized during bulk waste removal activities. The
facilities include, but are not limited to, trailers, decontamination pad, transfer station, and other
ancillary facilities. These facilitics are temporary and will be addressed during restoration
activities at the quarry.

The quarry is surrounded by the Weldon Spring Conservation Area. The Missouri-Kansas-
Texas railroad line formerly passed just south of the quarry. This line has been dismantled and the
right-of-way has been converted to the Katy Trail State Park (Katy Trail) which is used for
recreational activities. The St. Charles County well field is located southeast of the quarty between
the Femme Osage Slough and the Missouri River. This well field is a major source of drinking
water for St. Charles County. The closest production well is approximately 0.5 miles {rom the
quarty.

2.2 Site History

In.1941, limestone was mined from the Weldon Spring Quarry and crushed into aggregate
that was used for construction of the Weldon Spring Ordnance Works. From 1941 to 1945, the
10.S. Department of the Army {Army) produced trinitrotoluene (FNT) and dinitrotoluene (DNT)
at the ordnance works and used the guarry, which lies within the former ordnance works
houndaries, for disposal of manufacturing wastes. At the end of World War I, the ordnance
works was decommmissioned. Between 1946 and 1957 the Army disposed of contaminated process
residues and building rubble in the 9-acre quarry. In 1955, 200 acres of the ordnance works area
were transferred to the Atomic Energy Commission (AEC) for construction of the Weldon Spring
Uranium Feed Materials Plant, where uranium ore was processed into uraninm metal from 1957
to 1966, The AEC acquired title to the quarry in 1958 and used it from 1960 to 1969 as a disposal
area for wastes contaminated with thorium, uranium, and radium. In fotal, approximately 143,000
cu yvd of wastes were placed in the quarry. Table 2-1 summarizes disposal activities, a more
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complete descrlptlﬂn is presented in the report, Remedmz‘ Invemganans Jor Quarry Bulk Wasre.y :

(Ref. 4).

TABLE 2-1 Bulk Waste Disposal Activities

DATE

MATERIAL

QUANTITY

1842-18456

MNitroaromatics and Residues.

Quariy used for TNT/DNT waste dispoesal,

unknown

1948

Nitroarormatics and Residues.
Quarry used for TNT/DNT wasta disposal,

20 tons

1945-1957

TNT Residues.
Residues and rubble dumped in despest part of quarry
and in northeast corner.

UnNkrawn

1859

Tharium Hesu'.iuas
Digposal of drums containing 3. 8% thorium residues.
Estimatad Ra-228 content of .25 Ci.

185 yd*

Early 1960°s

Building Aubble, Eguipmenit, Sails.

Demolition rubble from Destrehan Street Plant,
Covers approximataly 1-acre to depth of 30 ft deep in
the deepest part of the guarry. Containg uranium and

50,000 yd®

1963-1985

radium contamination with less than 1 Ci RBa-226, _

Thorium and Uranium Residues..
Severgl thousand drums containing thorlum and rare
earths from Granite City Arsenal. Initially intendad for

-disposal. Much of waste later removed for
_reprocessing.

uRknown

1966

Thoriurmn Residues.
Drums and residues from shutdnwn and sleanup of
Weldon Spring. Chemical Plant process eguipment.

unknown

1966

Thorium Residues.

Hurdreds of drums hrought frurn 'Clnmnnatl by rail.
Contatn 2% thoriem with estimated 1 Ci Ra-228.
Placed abave water leval.

555 yd®

1966

] TNT/DNT Residues,

Contaminated rock and soil dumped in _northeast
corner of quarry cavering the Cinginnati thorium
residues.

unknown

1868-1968

Uraniurm and Thorium Rasidusas.

Contaminated building rubble and process equipment
from Weidoen Spring Chemical Plant. Principal sources
of radioactivity are Ra-226 and Ra-228.

5,560 yd®,

Sourca: Ref. 4
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After closure by the AEC, the chemsical plant was restored te the Army in 1967, In 1971,
the Army returned the S1-acze portion of the property containing the raffinate pits 1o the AEC but
retained control of the remainder of the chemical plant area. As successor to the AEC, the
Department of Energy (DOE) assumed responsibility for the raffinate pits. In May 1983, the DOE
designated the control and decontamination of the Weldon Spring site as a Major Project; it was
redesignated as a Major System Acquisition in May 1988. A project office was established in
October 1986, and the site is currently under the comtrol of the DOE and is managed by DOE's.
Project Management Contracter (PMC).

In October 1985, the UU.S. Environmental Protection Agency (EPA) proposed to list the
Weldon Spring quarry on the National Priorities List (NPL.); this listing occurred in July 1987
(Ref. 5). In Junc 1988, the EPA proposed to expand the listing to include the chemical plant area;
this listing occurred in March 1989 (Ref. 6).

Two separate expedited response actions were performed to mitigate the potential threat
to the nearby drinking water supply in the St. Charles County well field. These actions included
management of the contaminated pond water in the guarry and removal of the bulk waste. First,
an Engineering Evaluation/Cost Analysis (EE/CA} was.prepared (Ref. 7) to suppott the decision
to treat pond water in a facility constructed adjacent to the quarry and to release the treated water
inio the Missouri River. A National Environmental Policy Act (NEPA) finding of no significant
impact was issued in Fehruary 1990, and the water treatment plant became operational in 1992.
Second, the Recsrd of Decision for the Management of the Bulk Wastes at the Weldon Spring
Quarry (Ref. 8) (ROD-BW) was signed by the EPA in September 1990. The ROD-BW specified
that the bulk waste was to be removed using conventional construction equipment, transported on.
4 dedicated haul road to the chemical plant, and placed in storage where it was to be maintained
until final disposal, as specified by the Record of Decision for Remedial Action at the Chemical
Plant Area of the Weldon Spring Site (Chemical Plant ROD) (Ref. 9).

Bulk waste excavation began in May 1993 and was completed in October 1995, During
this period, approximately 140,000 cu yd of soil and waste material were remnoved and transported
to the chemical plant. Most comaminazed so0il was removed from the quarry during the bulk wasie
removal action. Following bulk waste excavation, rock surfaces and fractures were power-washed
to remove Joose material.

In Farmary 1996, contaminated soil was removed from Vicinity Property 9 (V P-9), which
is just south of the quarry, as prescribed in the Chemical Plant ROD (Ref. 9). Remediation of this
area generally involved removing the upper 2 ft of soil and soils up to 3 it in isolated areas where -
(-238 concentrations exceeded 30 pCifg. The excavation was backfilled with clean soil to
approximately the original grade.

DOE/OR/21548-587, Rev. 2 {Finall 2-3 : 022498
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2.3 Physical Setting

The Weldon Spring Quarty is in a unigue physiographic sefting. It is located near the-
boundary between the Dissected Till Plain section of the Central Lowlands Physiographic Province
and the Salem Plateau Section of the Ozark Plateaus Province, approximately coincident with the
commonly accepted southern Hmit of Holocene glaciation (Ref. 1), This region, with the
exception of the Missouri River floodplain, is characterized by narrow ridges and deep valleys
incised by short, steep, bedrock-controlled streams. Figure 2-1 is a topographic map of the area
surrounding the quarry. Elevations range from 450 ft to 560 ft above mean sea level (Ref. 10).
Elevations are highest along a ridge south of the quarry that forms the bluff overlocking the
Missouri River floodplain. The floodplain extends from the bluff to the river, a distance of
approximately 1 mile. The river forms the southern margin of the quarry study area. The natural
relief across the floodplain is less than 12 fi (Ref. 2).

Strearns in the immediate vicinity of the quarty include the Ferame Osage Creek, the Little
Femme Osage Creek, and the Missouri River (Figure 2-1). The original downsiream reaches of
the Femme Osage Creek and the Little Fenime Osage Creek were cut off by the construction of -
a flood control levee and now form the Femme Osage Slough. '

Bedrock in the guarry area is primarily limestone with some shale and dolomite. Bedrock
is exposed in the quarry walls and floor and on the steep bluffs along the Missouri River. Upland
areas are overlain by 10 ft to 40 fit of silty clay, which is primarily wind-blown, glacially-derived .
loess and residuum, In the Missouri River floodplain, alluvial deposits occur in stream valieys,
coarsen and thicken in the direction of the river, and are as much as 100 Tt thick.

2.4  Demographic and Land Use Information

The population of St. Charles County in 1990 was 212,907, 20% of the population lives
in the city of Si. Charles, approximately 14 mi. northeast of the Weldon Spring site. The
population in St. Charles increased by 48% from 1980 to 1990, The two communities closest to
the site are Weldon Spring and Weldon Spring Heights, about 2 mi. to the northeast. The
combined population of these two communitics in 1990 was 1,034 (Ref. 13). No private
residences exist between Welion Spring Heights and the site. Urban areas occupy about 6% of
county land, and nonurban areas cecupy. 90%; the remaining 4% is dedicated to transportation and
waler uses. '

The St. Charles County well field is located approximately 0.5 mi southeast of the quarry.
The wells are completed in the Missouri River alluvium and supply a maximum of
22 million gal/day of water for nse by 70,000 county residents.

-
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REMEDEAL IMVESTIGATION FOR THE QUARRY RESIDUALS OFEAABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

Most of the land in the quarry area is owned hy the State of Missourl. The quarry lies
within the Weldon Spring Conservation Area, which covers 7,356 acres. The August A. Busch
Memorial Conservation Area.and the Howell Island Conservation Ared lie to the north and east
of the quarry, respectively. All these areas (Figure 2-1) are managed by the Missouri Department
of Conservation and are open to the public for fishing, hunting, and other recreational activities.
The Katy Trail State Park, which is managed by the Missouri Depariment of Natural Resources,
is a gravel-based public hiking and biking trail that runs along the former Missouri-Kansas-Texas-
Railroad right-of-way (Ref. 11}. This trail passes directly to the south of the quarry.

Access to the guarry is restricted and controlled by the DOE. To the west of the quarry
proper, the support facilities for bulk waste excavation are located. These include a water
treatment plant, trailers, a parking area, and 2 haul road.

2.5  Archaeological Investigations

Although no prehistoric or historic remains occur in the quarry preper, archeological
surveys have documented the presence of nimerous prehistoric and historic sites in the area. In
1989, the WSSRAP conducted a Phase II assessment of Site 235C21, which is located on the bluff
between the quarry and the Katy Trail {Figure 2-1} {(Ref. 14), to establish its significance with
respect to Natiomal Register of Historic Places (NRHP) criteria. The Phase II report recommended
that if project modification is not a feasible alternative, Site 235C21 should be subjected to Phase
IO mitigation, which includes hargd excavation to recover artifacts.

In 1990, a Memorandum of Agreement between the DOE and the Missouri State Historic
Preservation Officer (SHPO) was subtnitted 10 the Advisory Couril on Historic Preservation in
Washington, D.C. (Ref. 12). This memorandurn stipulated that if any proposed remedial action
results in an impact to Site 235C21, the DOE will ensure that a data recovery plan is developed
in consultation with the Missouri SHPO and in accordance with federal regulations {36 CFR Part
800). '

2.6  Significant Observations
+ The quarry is located at the western edge of a rapidly growing metropolitan area.

« The quarry is near the St. Charles County well field, the source of drinking water for .
approximately 30% of the residents in the area.

» Any action that disturbs the archeological site on the south quarry rim will require
Phase IIT mitigation.
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3 DATA ANALYSES

This section describes the manner in which data supporting the remedial investigation have
been grouped, screened, and summarized. The approach to background comparisons and other -
criteria used for identifying potential contaminants are also presented.

31 Data Presentation

Lahoratory and field data that form the basis for discussions in this document are grouped
by media and location. The data groupings for each medinm are described in the appropriate
section. Data for these groups are summarized in tables in Appendixes C through H.

Data tables for nitroaromatic compounds and naturally occurring parameters include the
number of samples collected (#), the percent of the data that are below the limit of detection
(%ND), the mean (Mean), standard deviation (Std), and the upper 95% confidence limit about the
mean (UCL95). In cases where insufficient data are available to calculate UCL95 {i.e., only 1
sataple), the measured value is presented.

Data tables for anthropogenic compounds other than nitroarematic compounds are
abbreviated. because few organic chemicals were detected in any of the quarry media. Only
detected compounds are presented in the tables; a complete list of organic analyses is given in
Table B.9 of Appendix B. The data summary tables for detected organic chemicals present the
mimber of samples, %ND, and the maximum concentration.

For most parameters, data from 1987 to July 1996 were used to calculate the summary
statistics. An additional calculation based on data collected from early 1995 to July 1996 is
presented for antimony and nitfn}arematic compounds in groundwater. Beginning in 1993, a
different, more sensitive method was used to analyze antimony, and source removal, which had
a dramatic effect on concentrations of nitroaromatic cormpounds, was cnmpleted by mid: 1995.

3.1.1 Substitutions for Values Below the Detection Limit (NDs)

Concentrations of mapy constituents are commonly below the limit of detection and require '
a substituted value when used in statistical calculations. [f the laboratory provided a qualitative
value, this value was nsed in statistical calculations. If only "ND" was reported, the detection
limit was divided by 2 and substituted as the concentration for naturally occurring parameters.
This substitution, which is consistent with U.S. Environmental Protection Agency (EPA)
recomrmendations (Ref. 13), accounts for the presence of these parameters in natural environments.
Zero was substituted for anthropogenic parameters, which are not expected to be present at any
level.
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3.1.2 Data Screening

Unabridged data sets, including validation and data review gualifiers, are presented ia a
separate volume as Appendix J of this document for contaminants of potentiat concern (COPC)
identified in the Baseline Risk Assessment. During the data validation and review pracess, certain
values were rejected. These rejected values were removed from data sets presented in the
suromary tables and graphs displayed in this document. In addition, ND data with high detection
limits were removed from the data sets because of their potential to bias the summary statistics.
Screening criteria are presented in Appendix B.

Ag illustrated in Figure 3-1, data collected by the Weldon Spring Site Remedial Action
Project (WSSRAP) pass through a number of review steps before they are permanently stored in
WIZARD, the WSSRAP database. First, data are verified to determine if basic performance
criteria, such as holding times, chain of custody, and correct supperting docurientation, are met.
Data are then examined by qualified reviewers to determine if the data set is complete and if there
are potential problems. Idenritied probleins are investigated. If examination of the documentation
package does not explain su_spéct data, the problem may be resolved through reanalysis,
resampling, and/or validation. If reanalysis or resampling are not possible, and validation does
not detect the source of the problem, the reviewer may apply a qualifier to the data. If the
reviewer believes a suspect data point cannot reflect conditions in the location sampled and use of
the data would misrepresent these conditions, the reviewer may petition the WSSRAFP Data
Review Qualification Team to apply reviewer-rejected qualifiers to the data. If the team concurs
with the reviewer's findipgs, the datapoint is given a qualifier that indicates reviewer-rejected data
that likely reflect sampling, analytical, or transcription errors and are not recommended for use.
Qualifiers and criteria for rejecting data are defined in Appendix B,

For these investigations, data collected prior to activation of reviewer gualifiers in 1995
were also re-examined and qualified, where necessary. The total number of reviewer-rejected data
comprise less than 1% of the unabridged data set.

3.2 Identification of Contaminanis

Sections 6, 7, and 9 of this document identify potential contaminants in soil, surface water
and sediment, and groundwater in the quarry area. A contaminant-is defined as any chemical
species that does not occur naturally or occurs at levels that exceed those of the naﬁlral
environment. Based on this definition, identification of anthropogenic contaminants is relatively
straightforward; however, identification of natmurally occurring contaminanis requires comparison
with data from a suitable background location.
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3.2.1 Background Comparisons

Background comparisons for n,éturally ogeurring parameters are illustrated in bar graphs
n Sections 6, 7, and 9 that show UCL93 for the sample groups (UCL9Y) divided by UCLYS for

the derived background (UCL95,) (i.e., value calculated for background samples} for each =

parameter. This ratio results in a unitless number that indicates the amount by which UCL95,
exceeds UCL95,. H 100% of the sample group values are below the limit of detection, this rafio
18 set to one.

“Strict interpretation of the background comparison ratio would label any parameter with
a ratio greater than 1 as a contaminant; however, in many instances this label would -be
unwarranted. An extremely low UCL95, relative to UCLS35; ceuld occur if insufficient data were
collected 10 adequately characterize background varability or if detection limits for seldom
detected parameters were lower for the background data than the sample group data. To avoid
unnecessary discussion of parameters that are marginally ahove the derived backgrourst, the
following sections focus on parameters that exceed two times this level. Examination. of
background comparison ratios (UCLO5/UCLI5,) showed a natural breakpoint at 2, as shown on
Figure 3-2. Above this level, clustering of comparison ratios decreased, indicating that deviation
from derived background was more likely to reflect true differences from natural background. In
addition, a U.S. Geelogical Survey (USGS) report (Ref. 63) shows namral variability in-
concentrations of many elements in soils in this region. The derived background values from the
remedial investigation data were at the low end or below the concentration range for many
clements reported by the USGS. '

Special emphasis is given to groundwater and suxface water parameters that exceed water
quality standards and to soil and sediment parameters that exceed the screening gnidelines
presented in the Work Plan (Ref. 1). These standards and guidelines are presented in Table 3-1.
Where indicated, parameters that exceed any of these criteria in a subgroup within any major
grouping may also be included in the discussion. Nome of these criteria impact calculations
performed for the Baseline Risk Assessment, which examines all parameters that exceed
background.

3.3  Significant Observations
= Data are grouped by location and media.

» Reviewer and validation rejected data have been removed from data sets presentad in
summary tables and graphs. -

«  Detection limit divided by 2 is substituted for "ND" for naturally cecurring parameters.
Zero is substiuted. for "NI}"' for anthropogenic parameters. :
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= Contaminant discussions in this report focus on naturally eccurring parameters that
exceed two times backgroond and anthropogenic parameters greater than zero. Special
emphasis is given to parameters that exceed water quality standards {groundwater and
surface water) or screening guidelines presented in the work plan (soit and sediment).”
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TABLE 3-1 Screening Guidelines for Surface Water, Groundwater, Soils, and

Sedimeants
'WATER SCREENING GUIDELINES
PARAMETER QUALITY REF FOR SDIL - REF
. STAMNDARD CONGCENTRATIONS
METALS pgh 19/g
Aluminum 200 2 NiA
Antimony ] a 2,100 g |
Arganic . 1 e 140 h
Barium 2,000 =] 370,000 g |
Beryllium 4 4 713 h
Cadmium ] e 5,300 3]
fhramium 100 e 24,000 g |
Cobalt 1,000 f A -
Cgpper 1,000 & 210,000 g |
Iron 300 a MJA C--
Lead 15 f N/A --
Lithium N/A - 110,000 g .
Mangansese 50 a N/A -
Mercury 2 2] 1,800 g9
Molybdenum NfA == 27000 g |
Mickel 100 & 110,000 g |
Selenimm - a0 g 27,000 g |
Silver 50 f 27,000 - g |
Thalliem 2 ] 370 g |
‘Vanadium NAA - 37,000 g_ |
Zing 5,000 8 MNFA -
ANIONS mg/ mg/kyg
Chioride 280 a N/& -
Fluoride i & N/A w
Nitrate {as N 10 e hfA -
| Sulfate 250 8 N/A
-6 . p22498
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TABLE 3-1 Screening Guidelines for Surface Water, Groundwater, Soils, and
Sediments {Continued) '

WATER SCREEMING GUIDELINES
PARAMETER QUALITY REF FOR SOIL REF
. STANDARD CONCENTRATIONS

NITROAROMATIC COMPOUNDS g ' 1gig
2,4-DNT 0.11 f N/A

2,8-DNT_ 1.2 c N/A —
2,4,6-TNT 2 f _N/A -
TNT/TNB N/A - 1,000 N
RADIONUGLIDES pCill pGilg
Adj. Gross Alpha * 15 d | N/A .
Ra-226 8 14 j
Re-228 5 (Total) e 28 i
An-2327 300 d NIA -
Th-230 /A - 420 | h
Th-232 NIA - 28 J
U-238 ' NIA - 240 h
Total Uranium ** . 13.6 . d | N/A -

{exciuding Re-226, Rn-222, & 1))

** Relationship batween pCi and pg based on Site-Specific Conversion factor

Secondary MCL, EPA Drinking Water Regulations and Health Advisories {1998

Action Levet, EPA Drinking Water Reguiations and Health Advisorigs {1298)

Work Plan {105 risk level}

Proposed EPA Drinking Water Standards, 40 CFR {1291}

MCL. EPA Drinking Water Reguiations and Health Advisories {1996)

MCL, Missouri Quality Standard for Groundwater or Surface Water Used as Drinking Watar Supply,

10 C5R 20-7 (10/31/96}

0.5 hazard quotient, Cuarry Residuals Work Plan

10°% carcinoganic risk, Quarry Residuals Work Plan

| 10* carcinogeric risk laval Hlower level used because immunoassay technigue, which was primary
screening tool for nitroaromatic compounds, measurés combined TNT/TNB}

i 10° carcinogenic risk (higher lavel used because 10° lsvel is equivalent to background

concentrations, Guarry Residuals Wark Plan
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4 METEOROLOGICAL CONDITIONS AND AIR MONITORING PROGRAM

This section summarizes the meteorclogical conditions in the quarry area and presents the
results of the air monitoring program conducted at the quarry since 1987 by the Weldon Spring
Site Remedial Action Project (WSSRAP] :

4.1 Regional and Lacal Meteorological Conditions

The National Qceanic and Atmospheric Administration (NOAA) records local and regional
climatic and meteorological data at Spirit of St. Louis Airport and St. Louis-Lambert Field
International Airport. Additional local information is available from the project meteorological
station at the Weldon Spring Chemical Plant site. Table C-1 of Appendix C lists regional and site
meteorological studies.

The regional climate is continental with moderately cold winters and warm summers. On
average, temperatures below 32°F are recorded 111 days per year, and temperatures above 90°F
are recorded 35 (o 40 days per year. Alternating warm/cold, wet/dry air masses often COMVErge
and pass eastward through the area, resulting in frequent weather changes (Ref. 4). Prolonged
periods of very-cold or very hot weather are unusual.

Dhata from the site meteorological station show prevailing winds are from the south and
sonth-southwest during the spring and summer, from the scuth during the fall, and from the
northwest and north-northwest during the winter. Average wind speed is 4.9 mph during the
summer and 8.1 mph during the winter.

4.1.1 Precipitation

Historic precipitation data measured at St. Lonis Lambert Field from 1964 through 1995
show an annual average of approximately 37 in. (Ref. 16). Historical data indicate that more than
half the annual precipitation falls between March and July, aithough intense storms can occur in
any month. Summer rains are frequently in the form of thunderstorms and often associated with
hail and high winds {Ref. 4). December, January, and February are generally the driest months.
St. Louis area recerds from 1941 through 1970 indicate measurable precipitation (>>0:01 in.)
occurred on an average of 109 days per vear (Ref. 4). Snow has fallen as early as October and
as late as May. Data recorded at Lambert Field between 1964 and 1994 indicate the mean armual
spowfall is 19.8 ., which typically-cccurs from December through March (Ref. 4).

Precipitation data measured in the Weldon Spring area for the period 1983-1996 are in
Table C-2. The mean annual precipitation for this period is approximately 42 in. The maximim
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monthly precipitation recorded was .13_.49.i11'. in September 1993 which contributed to the flooding -
of 1993, and the minimum was 0.04 in. in SEptﬂ]IlhEr_ 1983.

412 "Evaporatiﬁnvaapotrtanspiratiﬂn

Data compiled from 1956 through 1980 indicate thar annual average free water surface
evaporation and evapotranspiration in the region are close to annual average total precipitation,
approximately 37 in. and parallel average monthly precipitation, with the highest values occurring
- during summer and the lowest in winter (Ref. 4). The coefficient of evapotranspiraticn for the
area near the site ranges from 0.72 to 0.74 (Ref. 4). - Site-specific evaporation/evapofranspiration
data recorded for April through October in 1983 and 1984 indicate total evaporation ranges from
31 in. to 38.3 in. per year {Ref. 80).

4.2  Site Air Monitoring Program -

In 1987, an environmentat air monitoring program was established to detect radioactive
airborne particulates, radon, thoron, ashestos, and parima rediation emanating from the Weldon
Spring quarry. This program was based on previous characterization data and knowledge of
disposal activities. Radon and gamma radiation monitoring were also performed at Vicinity
Property 9 located south of the quarry prior to its remediation in January 1996.

Prior to bulk waste removal, contaminated soils in the quarry were covered with vegetation
or standing water, limiting reieases to the atmosphere. During bulk waste removal, much of the
vegetation was removed, and the water level of the guarry pond was gradually lowered. This,
along with the operation of excavation equipment, contsibuted to increased radon and airborne
radioactive particulate emissions during this period. Contamination remaining after bulk waste
. removal is primarily limited to fractures and depressions in the quarry walls and floor and a small -
soil area in the northeast corner, as described in Section 6. This residual contamination has the -
potential to elevate radicactive airborne particulate and radon concentrations in the quarry above
naturai backgroungd levels. -

4.2,1 Guidelines/Criteria

Radiation protection requirements for radon, radioactive airborne particulates, and gamma
radiation exposure for Department of Energy {DOE} activities are established in DOE Order
-5400.5, Radiation Protection of the Public and Environment (Ref. 17). This regulation requires
that public exposure to radiation sources from DOE activities shall not cause an annual committed
effective dose equivalent (CEDE) greater than 100 mrem. The exposure of the public to
radicactive materials from inhalation of airberne particulates shall not exceed an annual CEDE of
10 mrem. '
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For interim storage, radon concentrations in the atmosphere above facility surfaces or
openings may not exceed (1) 100 pCi/l at any given point, (2} an annual average concentration of
30 pCifl over the facility site, and (3} an annnal average concentration of 3 pCi/l at or above any
location outside the facility site.

The derived concentration guides (DCGs) for inhalation of various radionuclides are

specified in DOE Order 5400.5 (Ref. 17). The DCGs are based on a CEDE of 100 mrem per

year. The DCG for both Ra-222 and Rn-220 {thoromn) is 3 pCi/l. For airborne particulates, a
representative DCG was calculated based upon the average radioactivity content and average
solubility of the radionuclides present. The DCG for the quarry is 5.03 x 10° pCi/ml.

Although ambient air criteria have not been established for airborne asbestos fibers, the
clearance air limits of 0.01 fibers per cubic centimeter of air {(ffcc) established by the U.S.
Envitonmental Protection Agency (EPA} for occupancy of school buildings was used to evaluate
asbestos monitoring data.

4.2.2 Air Monitoring Network

.4.2.2.1 Background Air Monitoring. The WSSRAP has monitored background
concentrations for radicactive airborne particulate concentrations, radon/thoron concentrations,
and gamma radiation exposures since 1987. The current background monitoring locations are
shown in Figure 4-1. Between 1990 and 1993 additional stations in the August A. Busch
Conservation Area were also used. Annual average results for all background locations are listed
in Appendix C (Table C-3). :

4.2.2.2 Quarry Monitoring Locations. The air quality monitoring network for the
quarry is shown on Figure 4-1. With the exception of one location within the quarry, monitoring
sttes are on the perimeter of the quarry. - Network equipment consists of alpha-track and modified
alpha-track radon monitors, high- and low-volume radioactive airborne particulate monizors,
thermoluminescent dosimeters (TLDs) to detect gamma radiation, and low-volume pumps for
asbestos sarnpling.

Natural airborne radon {i.e., Ro-222 and Ro-220} concentrations fluctuate with both soil
and meteorological conditions. The amount of radon that enters the atmosphere is a function of
the radium corncentrations in the soil, soil moisture content, soil porosity, scil density, and
atmospheric conditions. Variations in soil moismre content are primarily responsible for changes
in airborne radon concentrations. '

Radon has been monitored at the quarry since 1987. The initial monitoring network
consisted of five stations (RD-1001 through RD-1005) containing pairs of aipha-track radon
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REMEDEAL INVESTISATION FOR THE QUARRY RESIDUALS OPERARLE UNIT: WELDON SPRING SITE, WELDON SPRING, M;f]

detectors, as shown ﬁn Figure 4-1. The use of monitoring Station RD-1001 was discontinued in
1993; Stations RD-1007 and RD-1008 were added in 1992; and RD-100% was added in 1993.

In 1994, modified alpha-track radon detectors were installed in tander with existing alpha-
track radon detectors at RD-1002, RD-1006, and RD-400% {background location). The modified
" alpha-track detectors filter Rn-220 (thoron) allowing calculatien of both radon and thoron using
a method developed by Pearson (Ref, 18). '

Natural radicactive airborne particulate concentrations are affected by the amount of -
radicactivity in the soil, seil meiswre, atmospheric dispersion, and geologic conditions. The
monitoring network for radicactive airborne particulates includes five permapent stations
(AP-100%9, AP-1010, AP-1015, AP-1016, and AP-1017) located on the perimeter of the quarry
as shown on Figure 4-1. The air samplers are low volume carbon-vane, oil-free vacuum pumps
operated at a rate of approximately 40 Iiters/min. Samples are collected weekly and analyzed for
gross alpha concentrations,

Gamma radiation levels are affected by radionuclide concentrations in the soil, variations
in cosmic radiation, and ground surface density {e.g.. rock vs soil). Prior to 1995, gamina
radiation was monitored at nine locations on the quarry perimeter using environmental TLDs
(Figure 4-1). The number of monitoring locations was reduced to four in 1995. TLDs measure
the ambient gamma radiation and are analyzed by the vendor cn a quarterly basis, '

Airborne asbestos was sampled at five locations on the quarry perimeter using a 25 filter
cassette and a low-volume pump operated at 1 liter/minute. Samples-were collected weekly. and
analyzed by phase contrast microscopy (PCM). If PCM analysis indicated a concentration above
the site action level (0.01 fibers per cubic centimeter of air), the sample was resubmitted. for
ashestos analysis by transmission electron microscopy. In 1994, monitoring station AP-1015 was
discontinued and AP-1016 was established. Monitoring station AP-1026, was monitored in 1995
only.

4.2.3 Results of Monitoring

Annual average radon concentrations from 1987 to 1996 for the nine monitering stations
are summarized in Appendix C (Table C-4). Historically, monitoring station RD-1002 has yielded
the highest radon concentrations. The maxiroum quarterly concentration of 9.2 pCifl occurred at
this station in the first quarter of 1994 during bulk waste removal activities in the vicinity of the
monitor. Measurements collected during the first and second quarters of 1996 indicate radon
concentrations have returned to natural backgrournd levels.
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Thoron monitoring at the quarry was initiated in the third quarter of 1994 at RD-1002 and
in the fourth quarter at RD-1006. Thoron concentrations are summarized in Appendix C (Table
C-5). RD-1006 has yielded background concentrations since its esiablishment in 1994. RD-1002
showed elevated thoron levels during bulk waste excavation in the vicinity of the monitor. Since
the completion of bulk waste removal, 2nd Quarter 1996 results at RD-1002 have indicated thoron
concentrations slightly above background. Thoron will continue to be monitored quarterly at this
location as part of the WSSRAP environmental monitoring program. All other thoron monitoring
following buik waste removal indicates natural background levels.

Radijoactive airborne particulates have been monitored since 1989. The annual averages
for long-lived gross alpha concentrations at five permanent low volume airborne particulate
monitoring stations are summarized in Appendix C (Table C-6). In 1989 and 1990, the
monitoring stations yielded some weekly sample concentrations that were less than the lower limit
of detection (LLD}; however, the LLD was used to calculate the annual average. This resuited -
in the actual average being less than the calcutated average. Elevated levels of radioactive
airborne particutates were detected in 1994 and 1995 during the main phase of bulk waste removal
activities. Airborne particulate levels decreased in 1996 and currently, are similar to pre-bulk
waste removal concentrations (i.e., background levelsy.

Results from gamma radiation monitoring are sumrnarized in Appendix C (Table C-7).
Prior to bulk waste removal, statistical analysis of gamma radiation results indicated that at the
95% confidence level, several quarry monitoring stagions showed anmual resulis that were greater
than background levels. Post bulk waste removal results appear to be at background levels,

Asbestos monitoring results are- summarized in Appendix C (Table C-8). . All asbestos
menitoring stations at the quarry yielded background concentrations beforc and during bulk waste
removal. .Asbestos monitoring was discontinued in 1996,

4.3  Significant Observations

+ Precipitation, which averages approximately 42 in./yr, is greatest in the summer and
SPTIng.

» Evapotranspiration rates are approximately equal to precipitation rates.

+ Rn-222 gamma radiation, radioactive airborne particulates, and asbestos are presently
at background levels and are below DOE protection criteria.

» Rn-220 (theron) exceeds background at one lecation on the northeast corner of the.
QUAITY PIOper.
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5 ECOLOGICAL INVESTIGATIONS

This section preseﬁts results of surveys conducted to characterize ecological communities
and (o determine the potential impacts, if any, from quarry wastes. Characterization activities
inclnded vegetation surveys, threatened and endangemd species surveys, and wetland delineation
as defined in the sampling plan (Ref. 2).

5.1 Previous Studics

Available background information regarding flora and fauna was reviewed prior to
" beginning ecological characterization. A summary of existing information from previous surveys
i3 presented in the following sections. -

5.1.1 Flora

The quarry is located in the bluestem Prairie Oak-Hickory Forest Mosaic subsection of the
Prairie Parkland Province (Ref. 14). This province is characterized by dense to apen riparian
woodlands interspersed with upland prairie. Today, much of the province has been converted to
agriculiural fields, and remnants of the prairie are rare in Missouri (Ref. 193, Prairie habitats are
not present near the Quarry Residuals Operable Unit area.

The quarry rim and surrounding -area are primarily slope forest and bottomiand forest. A
portion of the natural bluff, with a height of 100 ft, separates the quarry from the Missouri River
and its floodplain to the south. Slope forests along the bluff include deciduous trees such as oaks.
and hickories. Disturbed roadside habitat is found along the Katy Trail which runs directiy to the
sonth of the bluff.

In the Missouri River floodplain, which lies to the south of the quarry, agricultural fieids
are maintained by the Missouri Department of Conservation (MDC) under share-cropping
agreements. Portions of these crops are left in the fields for wildlife forage. Corn, soybeans, and
milo are the primary crops.

Numerous aguatic habitats are present in the vicinity of the quarry and it the neighboring
Weldon Spring Conservation Area. These include the Missouri River, the Liitle Femme Osage
Creek, the Femme Osage Creek, the Femme Osage Slough, and numerous small unnamed
tributary streams. Bottomland forests in these habitats include tree species such as eastern
cottonwood. silver maple, and sycamore. Periodic flooding and fluctuations in water levels are
common in these areas and favor the growth of water tolerant species such as silver maple.
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5.1.2 Fauna

Fauna are diverse in the area surrounding the quarry. The area supports a variety of
animals common to deciducas forests, agricuttural areas, and aquatic habitats, According o the
MDC, 25 amphibian, 47 reptilian, 29 mammalian, and 299 avian species occur in St. Charles
County {Ref. 20). Species commenly observed within and near the quarry include eastern grey
squirrels, raccoons, red fox, and deer mice. The surrounding area is managed for game species
such as white-tailed deer, mouming dove, and eastern cottontail rabbit. Three-toed box turtles
and skinks are frequently encountered in vegetation on the slope forest floor. '

Aquatic habitats in the quarry vicinity alsc support a variety of fauna. Waterfow] such as
wood ducks and Canada geese have been sighted on the Femme Osage Slough, along with red-
eared sliders. great blue herons, and beavers. The MDC has recorded more than 105 species of
fish in St. Charles County (Ref. 20). Fish surveys of the Femme Osage Slough have recorded
carp, catfish, gar, sunfish, crappie, and a variety of minnows and shiners. A total of 12 fish
species have been observed in Little Ferame Osage Creek (Table D-1 of Appendix D).

Several species classified as Federal and State rare or endangered occur in St. Charles’
County and are listed in Table D-2 of Appendix D. No designated critical habitats for these
species exist near the quarry (Ref. 21). The Howell Island Conservation Area, across the
Missouri River from the quarry, provides an important night roost for wintering bald eagles (a
Federal listed threatened species). The pallid sturgeon, a Federal listed endangered species, has
been reperied in the Missouri River near the quarry, Stargeon chub and sicklefin chub, lisied as
Federal Category 2, have been recorded in the Missouri River downstream of the guarry.

The MDC reports 15 State endangered, 17 State rare, and 10 State "special-concern”
species within Si. Charles County (Refs, 22 and 23). The Cooper’s hawk and wood frog, both
State rare species, have been reported at the Weldon Spring Conservation Area. The wood frog
also has been observed in the deciduous forest area to the north of the quarry (Ref. 24). The
northern harrier, loggerhead shrike, Swainson's hawk, and bald eagle have been observed within
the Weldon Spring Conservation Area. The Bianding's turtle, a State endangered reptile, alﬁmugh
not observed at the Weldon Spring Conservation Area, has been sighted at the Busch Conservation
Area approximately 4 miles north of the quarry. : '

52  Previous Investigations, Major References, Other Data Sources

A number of ecological surveys have been conducied in the area of the Quarry Residuals
Operable Unit. A brief synopsis of each study, including the scope, summary of results,
organization responsible for the study, and references is in Appendix D (Table D-3}. Populations
and community structures within these groups of organisms have been adequately characterized;
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therefore, additional surveys of these biclogical groups were not made a part of the remedial
investigation for this operable unit. '

In summary, these studies provided the following observations:

« No differences observed in the contaminated and reference aquatic communities as
siudied for fish, trtles, benthic invertebrates, and zooplankton.

»  Bionptake of uranium in the aquatic community is occurring only in fish, but not at.
levels which would pose a threat to human health. '

5.3  Description of Tasks for Remedial Investigations

Ecological characterization activities were identified in the Work Plan for the Remedial
Investigation/feasibility Suidy - Environmental Assesstnent for the Quarry Residuals Operable Unit
(Ref. 1} and QOuarry Residuals Sampling Plon (Ref. 2) w facilitate comparison of ecological
conditions in the area of the operable unit with those of background tocations. Some of these
activities, as described in Appendix D {Table D-4), were not completed due to spring and sumaner
flooding in 1993, 1994, and 1995. The flooding not only kept surveys from being conducted
while areas were covered by water, but it strongly impacted the terrestrial and wetland habitats -
and biota. Betause work was disrupted for three consecutive years, it was determined that
additional data would be biased by the flooding and would net yield meaningful information.
Figure 5-1 shows study and reference areas.

5.4  Svmmary of Ecological Results
The following sections summarize the results from the ecological activities.
5.4.1 Herpetofauna Survey Resuils

Herpetofauna surveys were conducted to determine if State or Federal listed reptiles or
amphibians inhabit potentially contaminated areas in the vicinity of the quarry. The richness and
relative abundance of herpetofauna near the quarry and vicinity were compared {o those at the
Hamburg Quarry, approximately 1.5 miles 10 the northeast, which was used as a reference
location, Figure 5-1 shows the locations of the study areas (T-1 and T-2) and the reference location
{RT-1). '
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No State or Federal lisied species were found during these surveys. Survey data were
collected by visnal technigues (sighted or canght by hand), audio techniques, and by capture within
shelterftrap arrays. A total of 15 different species were found within the study locations, and six
species were found at the background focation. Common species were the gray treefrog, five-lined
skink, and ground skinks. The species observed were typical of the habitats where they were
found. The species observed at both study locations and the reference lecation are summarized
in Appendix D (Table D-5). '

5.4.2 Vegetation Survey Results

Vegetation surveys were conducted to characterize plant commuinities within the operable )
unit and its vicinity. The survey data were then used to: A

1. Compare vegetation near the guarry to reference lpcations.

2. Compare percent cover, cover class, and other parameters near the quarry with these
characteristics at reference locations.

3. Determine if any State or Federal listed species are present within the quarry area.

4. Provide a preliminary evaluation of faunal food resources which could be
contaminated.

Surveys were conducted in the following areas (see Figure 5.1 for locations):

» The upland area between the south rim of the quarry and the Katy Trail (Study Area
T-1: 24 sampling stations along six transects).

« The upland area east of the Hamburg Quarry north of the Katy Trail (Smdy Area RT-1:
- 24 sampling stations along five transects).

« The lowland area at Vicinity Property No. 9 (VP-9) (Study ﬁrea T-2: 31 samplmg
"~ stations along three Lranaects}

« The lowland area along the southwest edge of the Femme Dsé.ge .Slcrugh (Study Area
T-3: 24 sampling stations along two transects).

» The lowland area along the east edge of the Femme Osage Creek {Study Area T-4:
30 sampling stations along two transects).
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The following vegetative layers were identified and tabulaied during the surveys:

» Trees with trunk diameter at breast height (DBH) greater than 10 cm (charactenzed
using point-quarter method).

« Tree saplings and shrubs with trunk/stem DBH less than 10 cm (using a 2 nf quadrat).
+  Vines (using a 2 m* quadrat).
« Herbaceous vegetation (nsing a ! m’ quadrat).

Visnal surveys for the presence of listed plant species were also conducted during the
routine vegetation surveys. Identification of potential faural food resources was to be based on
observed plant species and whether the plants (or portions thereof) are food sources for wildlife.

Initial field activities were conducted during May and June 1995. Heavy precipitation
caused extensive flooding of the Missouri River during surveys of the lowland areas and prevented
completion of surveys for Sudy Areas T-2, T-3, T-4, and the related reference areas. The only
portion of the planned surveys completed was associated with the upland study areas (T-1 and
RT-1). Because the surveys were conducted early in the growing season, herbaceous layers were
just beginning to form. Therefore, herbaceous vegetation in most sampling quadrats represented
an insignificant percentage of the ground cover {which usually conmste{i of Jeaf litter at the time
of sampling}.

The number of tree and sapling/shrub species observed in Study Areas T-1 and RT-1 are
listed in Appendix D (Tables D-6 and D-7) Both areas are mature cak/hickory forests, although
the dominant oak and hickory species in each area ate different. The dominant trees at Study Area
T-1 are nerthern red oak and mockermut hickory, while the dominant trees at Study Area RT-1 are
persimmon, black oak, and bur cak. The understory communities (i.e., saplings, shrubs, and
- vines} at both T-1 and RT-1 are typical of oak/hickory forests being dominated by dogwood,
redbud, elm, black oak, sumac, trumpet creeper,.and various grapes. Species diversity and
comrmunity equality were evatuated using the Shannon Iixiex and Mann-Whitney test, respectively
{Appendix D [Tabies D-6 and D-7]}. These tests indicated that there are no significant differences
between the tree and sapling/shrub communities in the guazry and the reference area.

In lowland study areas (T-3 and T-4), only tree data were collected, whereas data are
available for all four vegetative layers at Study Area T-2. “Because data associated with
comparable reference areas conld not be collected, no formal evaluations could be made. In
summary, the tree communities at each of the three lowland smdy areas appear to be typical of
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Missouri floodplain forests, dominated h.}' common species such as cottonwood, silver maple, box
elder, green ash, and various willows.

State and Federal listed plant species were not observed during the routine vegetation
surveys. Plant species that represent potential food resources for local wildlife are identified in
Appendix D {Tables D-6 and D-7). Typically, wildlife food sources from these plants consist of
- fruits, nuts, and seeds, and occasionally tender twigs and shoots. In addition, most of the common
vines in the study areas, such as Virginia creeper, trumpet creeper, bittersweet; and several species
of grape, are an important food source for songbirds, upland game birds, deer, and small
marnmals.

5.4.3 Threatened and Endangered Species Survey Results

Threatened and endangered species surveys were conducted for four listed species that have
been cbserved in the area of the Quarry Residuals Operable Unit to determine if the area was
being utilized for fesding, nesting, and/or roosting activities. These species include the bald eagle,
loggerhead shrike, Swainson's hawk, and northern hartier.

The only State or Faderal listed species observed during these surveys within the area of
the operable unit was the bald eagle. The surveys were conducted along the St Charles County
well field levee near the boat ramp, which provided a clear view of the Missouri River, Howell
Island {a known wintering area for bald eagles), and the St. Charles County. well field. Bald
eagles were observed roosting on Howell Island and periodically in trees along the levee of the
well field. . Many individuals were observed flying along the Missouri River, probably foraging
for food. No individuals were observed flying, roosting, or foraging within the well field. Data
collected during bald eagle surveys are summarized in Appendix D (Table D-g).

5.4.4 Wetland Delineation

Wetland delineations have been initiated alnﬁg Femnie Osage Creek, Little Femme Osage
Creck, and the Femme Osage Slough in accordance with the U.S. Army Corps of Engineers
guidelines (Ref. 25). These areas have been identified as wetlands on the U.S. Fish and Wildlife -

Service National Wetlands Inventory map (Ref. 26}.

Femme Osage Slough

Open waters associaied with the Femme Osage Slough are classified by the National
Wetlands Inventory as wnconsclidated bottom, lower perennial riverine wetland, or permanently
flooded wetlands (Ref. 26). The slough supports a diverse aquatic community including mmmerous
macroinvertebrate, amphibian, and fish species. Potential jurisdictional wetlands are located at
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the end of the northwest arm where hydrophytic vegetation occurs along the banks of a shallow
expansion of the slough. Dominarg plant species on the lower shallow slope include false
pimpernel, cottonwood seedlings, and arrowhead. Slightly higher on the bank, the dominants
include purple ammannia, beggar-ticks, flatsedge, and love grass. Jurisdictional wetland
determination would require evaluation for hydric soils. '

Hydrophytic vegetation also occurs along the south bank of the slough. These commumnities
occur sparsely (less than 20% areal coverage) in areas of exposed sediments along the lower
portion of the bank during the middle to late part of the growing season ard after surface waier
levels have dropped. Dominant species are flatsedge, false pimpernel, love grass, cottonwood
seedlings, and purple ammannia. Areas higher on the bank are vegetated variously between 20%
(on steeper slopes) and 100%. Common species within these communities include begears ticks,
jove grass, box elder, silver maple, black willow seedlings, green ash; pigweed, flatsedge, and
morning glery.

Littie Fermme Osage Creek

The Little Femme Osage Creek is identified by the National Wetlands Inventory as a lower
perennial riverine wetland with an intermittently exposed, uncensolidated bottom: Temporarily
flooded palusirine forested wetlands oceur sporadically along portions of the creek. North of the
Katy Trail, the creek areq supports a variety of forested and herbaceous Vegf:tatiun' communities
that are dominated by hydrophytic species such as clearweed, silver maple, box elder, American
elm, beggar-ticks, smartweed, lady's thumb, wood pettle, and white grass.

The banks of the Little Femme Osage Creek south of the Katy Trail are sparsely vegetated
and Jack a well developed floodplain. A dike extends along the east side of the creek. A portion
- of the creek is identified in the National Wetlands Inventory as a temporarily flooded, palusirine
forested wetland, and scrub-shrub wetland. Common species in vegetated areas along the banks
include doghane, sandbar willow, pigweed, flatsedge, blue vervain, and beggars ticks. This
portion of the creek has been rerouted to form a new confluence with the Femme Osage Creek.

Femme Osage Creek

The Femme Osage Creek, downstream of the confluence with the Little Femme Osage
Creek, has been rerouted to form a-new confuence with the Missouri River. The channe! is steep
sided and bordered on each side with dikes. The creck is classified by the National Wetlands
Inventory as a lower perennial riverine wetland with a permanently flooded unconsolidated
bottorn. A narrow band along the right side of the channel is identified as a temporarily flooded
palustring emergent wetland. The creek lacks a well developed floodplain, although foresied areas -
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to the north of the creek occasionally retain overbank floodwaters and support hydrophyvtic species
such as silver maple, box elder, beggars ticks, falsé nettle, arrow head, and buttercup.

5.5  Sigoificant Observations

The ecological investigations indicate that there are no adverse impacts to biological
communities in the vicinity of the quarry. This conclusion is based on the following:

+ Survey data indicate no significant differences in species diversity and COMPULtY
equality between study areas and reference areas for trees and saplings/shrubs.

« Communities south of the quarry are typical of Missouri floodplain habitat.

» Fish surveys conducted at the Femme Osage Slough and Little Femme Osage Creek _
show a diverse and typical fauna 1s present.

» Herpetofauna survey resuits indicate no significant differences between numbers and
types of species observed at the quarry and the reference location.

+ No State or Federal listed species were found during herpetofauna and vegetation
surveys. Federal threatened bald eagles were observed during winter surveys in the
area between the quarry and the Missouri River.

+ Potential wetland areas exist in the quarry residual area and will require further:
delineation if remedial action is taken in these areas.
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6 SOIL INVESTIGATIONS |

This section summarizes the results of soil invesiigations performed to establish
background levels for site related contaminants in soils and o evalvate the vertical and horizontal
extent of soil coptamination, both inside and outside the quarry. A lithologic description of the -
units of interest is also presented, with an emphasis on factors that could affect groundwater
movement. Contamination of soil and bedrock in the-quarry proper is discussed separately from
areas outside the quarry because these areas are cemposed of different soil types and were
contaminated by separate processes.

6.1 Previous Investigations

In 1979, Lawrence Berkeley Laboratory sampled soil along the rim of the quarry and north .
and south of the slough (Ref. 27). [n 1984, Oak Ridge Associated Universities performed soil
sampling to a depth of 3 ft to determine the extent and magnitude of radionuclide contamination
along the perimeter fence at the quarry and in the area of the Femme Osage Slough {Ref. 28). In
addition, United Nuclear Corporation collected samples from the surface to the top of bedrock
nerth and south of the slough (Ref. 29). Information derived from these studies formed the basis
for the quarry residuals investigations.

6.2, Quarry Proper
6.2.1 Soil and Rock

Urconsolidated soils in the quarry area include glacially derived loess; residual seil formed
by weathering of the bedrock (residuum); and sediment deposited by the Missouri River and its
tributaries {alluviam).

Loess, a silty clay soil developed from wind-blown materials deposited during and
following the Wisconsin glaciation (Ref. 30), is present in upland areas including the rim of the
quarry. Borehole logs indicate that the loess deposiis in the vicinity of the quarry are from 15 f
to 30 ft thick and are likely composed of the Peoria Loess and Roxana Silt. These loess deposits
are not saturated in the vicinity of the quarry.

Residuum, a stiff clay with chert and limestone fragments, is the product of weathering of
‘the underlying limestone and is present on the bluff and in areas nerth of the quarry. Based on
geologic logs, the residuum ranges from 3 fi to 18 ft thick and is not saturated in the vicinity of
the quariy. '
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Native soils (loess and residuum} adjacent to the rim of the quarry were disturbed during
mining of the quarry and waste disposal activities. Undisturbed soils (i.e., soils that were not .
moved from their natural location} may underlie disturbed soils, but in some areas, disturbed s0ils
comprise the entire surface-to-bedrock interval. The soil cover along the quarry rim and on an
isolated limestone knol! inside the quarry.is up to 30 fi thick. Near-vertical fractures intersecting
the Kimmswick Lirestone walls and benches of the quarry are also filled with disturbed and
undisturbed soils. ' :

Soil, gravel, and sediment from surface water runoff and remediation activities have
accurnulated in floor fractures and depressions and in the lowest portion of the quarty, referred
to as the “sump.” Fleor depressions are broad features greater than 2 fi deep. Sediment
thickmesses in the floor depressions and in the “sump” range from less than 1 in. to approximately
18 in., but are typicalty less than 3 in. in depth. '

Floor fractures in hedrock units are restricted to the Kimmswick Limestone benches (the
484 ft benich and the 500 ft bench) and are generally less than 0.5 ft wide, with a few exceeding
2 ft, The trend, frequency, and aperture of quarry fractures are discussed in detail in Section 8,
The volume of soil, sediment, and rock material in fractures and depressions is minor compated
to the total volume of rock and soil present in the quarry. '

6.2.2 Remedial Investigations - Quarry Proper

Soil was sampled at locations within the quarry proper and at two backgrourd Tocations.
as shown on Figure 6-1 and as detailed in Table E-1 of Appendix E. Some soil samples were
taken prior to completion of the bulk waste removal in areas that would eventually be mancmsﬂ:nle
Sampling was designed to meet the fDHDWﬂlg objectives:

1. Edentify contamination in disturbed soils, fracture soils, and sump soils (rem:tuals} .
remaining after bulk waste rernoval, Because the performance criteria for bulk
waste removal were based on visnal observation, screening guideiines were
gstablished to guide additional removal processes (Ref. 2). Samples were collected
on 30 ft {or smaller) grids from the surface to 5 ft, with additional random samples
collected to a depth of 3 ft.” After excavation of soils which failed the screening
guidelines, newly exposed surfaces were resampled for parameters that prompted
removal action.

2. Characterize contaminant levels in residual soils after the bulk waste removal was
complated.
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Samples were analyzed for radionuctides, nitroaromatic compounds (1 3,5-winitrobenzene;
1,3-dinitrobenzene;  2,4,6-trinitrotoluene;  2.4-dinitrotoluene;  2,6-dimitrotoluene; and
nitrobenzene), metals, polynuclear arématic hydrocarbons (PAHs), and pelychlorinated biphenyls
(PCBs).

* E G E
g | * OB EAMPLINGLOCATION
et B BACKGROUND SAMPLE LOCATION
- QSR BOUNDARY
- STATE HIGHWAY 34
R e T KATYTRAL
FIGURE &-1 Soil in Quarry Proper: Sampling Locations

In addition to soil sampling in the guarry proper, rock comprising the inner quarry walls .
was also investigated for radionuclide contamination, Other contaminants were not investigated
because only radionuclides were found at significantly elevated levels in quarry seil. Ganma .
detectors (Nal and Geiger-Mueller) were used to measure radiological contamination on rock
surfaces. As stated in the sampling plan, the bowtom 6 fi of the quarry walls was assumed to be
the critical area for contamination because this area was in direct contact with the bulk waste. In
addition to gamma measurements of rock surfaces, a pressurized ion chamber (PIC) detector was
nsed to measure the dose from ambient gamma radiation at 16 locations in the quarry. '

6.2.3 Nature and Exient of Soil Contamination in the Quarty Proper
Sample locations inside the quarry proper, including background locations, are shown on

Figure 6-1 and-are detailed in Table E-1 of Appendix E. Background samples were analyzed for
radiochemical and geochemica! parameters and metals (Table H-5, Appendix H). Data on soil in
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the quarry proper are divided into three groups based on location characteristics. These groups
are:

= Soil Loose soils mantling rim and slopes.

» Fractures Soils and sediments in wall and floor fractures.

= Samp Sediments on ramp and floor of sump.

6.2.3.1 Soils. Laboratory resulis from soil sampling in the quarry proper are

summarized in Appendix E (Tables E-2 through E-3). The scil data sets contain resulis from

undisturbed soils and remediated surfaces within the guarry proper. For naturally occurring

parameters, the upper 95% confidence limit about the mean for the sample group {UCLS3) was
compared to the upper 25% confidence limit about the means for derived background (UCL9%;),
as described in Section 3. This comparison is illustrated in Figure 6-2A. Maximum values for
nitroaromatic compounds are shown in Figure 6-2B. Based on criteria given in Section 3, six
metals, six radionuclides, four nitroaromatic compounds, PAHs, and PCBs are identified as
potential contaminants.

Disturbed Soils: Disturbed soils on the rim and knoll of the quarry have background or low
contaminant levels. As shown in Figure 6-2A, many parameters exceed background, but only
seleniurn, silvet, zinc, Ra-226, and Th-230 are present at significantly elevaied levels (ratios >2

in Figure 6-2A). None of these contaminants exceed the screening guidelines given in Section 3

(Ref. 6). In comparison to thorium, radium and uranium levels are notably low in disturbed soils.

Elevated soil contaminant levels primarily occurred in the highest part of the quarry on the

northeast slope (Figure 6-1). This area was remediated during the last phases of bulk waste

" rernoval. Prior to remediation, the northeast siope contained small isolated pockets of concentrated

radium- and thorium-rich material interspersed with disturbed native soil. The random, discrete

distribution of these materials, location in the highest part of the quarry, and the characteristic

insolubility of radium and thorium in the pH range of quarry soils indicate that contamination in

this area resulted from primary deposition of waste material, not mobilization and redeposition.

Characterization of soils along the north and east face of the quarry rim was not completed
due to access problems. Although samples collected from the top of the north rim did not show
contamination, elevated levels were discovered near an area called the "triangle” (Figure 6-1).

The remains of a buried drum containing Ra-226 wastes were discovered and removed near this.
area, but elevated radiation detector readings indicate that additional contamination may still be.

present. This area cannot be safely accessed to continue characterization. Plans are being prepared
to provide safe access for characterization and potential remediation.
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The har graphs disptay the UCLB5 value for sach data group (LUMCLS5,) divided by the
DCLO5 value for derived background [UCL95,.}. Values greater than 2 indicate significant
deviation from background (Section 37 Mote: Ratio set to 1if 100% of sample data were
beiow the limit of detection.
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The distribution of contaminants iz the "triangle” area appears to be sitnilar to that of the
northeast slope of the quarry (Figure 6-1). Wide dispersion of the contaminants is not expected.
Plans for safely accessing the triangle and the notth and east soil faces are being developed. Under
current planning, these areas would be sampled and remediated, if necessary, during quarty
restoration. A small area of residual contamination in a ditch next to the asphalt pad will-also be
removed during restoration. These activities wilt be deseribed in relevant engineering and
sampling plans. Results of these actions will be presented in appropriate documents and will also
be incorporated into the Quarry Residnal Adminmistrative Record,

Fractures: Fractures in the quarry wall contain mostly undisturbed soils and have low
levels of contamination. - In contrast, fractures and depressions in the guarry floor contain
sediments that have been eroded from the rim and higher benches. In some fractures and
depressions, fine-grained material containing radium, thorium, and uranium are present. All
radium, thorium, and uranium isotopes are significantly clevated with respect to background, but
do not exceed the screening guidelines presented in Section3. Aluminum, selenium, and silver
are also elevated in these sediments, but other metals are only slightly above background. None
of the metals exceed the screening guidelines. (See Section 3.)

Undisturbed soils are likely present in the deeper portions of fractures intersecting the -
benches but are not documented for this study. Attempts to sample the deeper portions of these
fractures were not successful because sampling devices (augers) encountered rock protrusions and
irregularities at relatively shallow depths. Samples of fracmre fill were collected from three
shallow borings on the 484 ft bench, but the deepest boring extended only 4 ft before encountering
rock. Sample resuits from these borings indicate rthat elevated concentrations of uranium are
present at all levels sampled. Because concentrations do not appear to diminish with depth,
uranium-contaminated sediments probably are present deeper in these fractures.

Sump Sediments: Soils in the sump area consist of materials that have eroded from the
rim, benches, and fractures of the quarry. Sediment has been transported to the sump during
major storros and also during washdown of the quarry in the final stages of bulk waste removal,
Much of this material was removed, but a thin layer { < 0.5 ft) remained after bulk waste removal.
As in the floor fractures, the major contaminants in the sump are radionuclides (Ra-226, Th-230, -
and UJ-238). However, only Ra-226 exceeds the screening guidelines. Low levels of PAHs were
detected in some samples. Plausible sources of these contaminants are surface water runoff from .
nearby asphalt areas used for equipment access and lubricants from equipmeﬂi operating in the

QUATTY. -

6.2.3.2 Rock Surfaces. Results from radiclogical surveys of the quarry rock
surfaces (benches and walls) performed from January to May 1996 are shown in Figure 6-3. With
one exception along the north wall, survey readings were at background, indicating that the bulk
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waste had not contaminated the bedrock. A small aréa of contamination was detected below the
500 ft bench where a rusting drum containing radiological wastes lay against the northeast wall.
Prior to bulk waste removal, the rusting of this drum resulted in accumulation of iron hydroxides,
which readily sorb metals such as uranium, radium, and thormm, on the quarry wall,

Other elevated survey readings (Figure 6-3) occurred in floor fractures or depressions
where sediment and fine particles of waste materials, especiaily yellow cake, have accumulated.
These materials may be residual from the waste storage period or may have collected in these areas
during wash-down activities and subsequent rainfalls.

|

Results from the PIC measurements are shown in Figure 6-4 performed during May 1996.
Gamma radiation dose rates were measured 1t above the floor of the quarzy at several locations
as designated on the map. Most of these measurements were made using a Reuter-Stokes
Environmental PIC. Later, a portable gamma-ray scintillation detector with the response
calibrated in micro-Roentgens per hour (pR/hr} against a sealed Ra-226 source was substituted and
provided equivalent readings., The portable instrument was preferred because it was easier to
handle, and instrument response checks were easier.

6.3  Outside the Quarry Proper
6.3.1 Soil Materials

Alluvial sediments are present in the valleys along the Missouri River, the Femme Osage
Creek, and the Little Femme Osage Creek. Differences in composition and grain size are
dependent upon depositional history and parent material. Up to 120 ft of alluvium was deposited
in the Missouri River floodplain and is divided into a fine-grained unit and a coarse-grained unit.

Fine-grained alluvium was deposited primarily during fioods associated with the Missouri
River, the Pemme Osage Creck, and the Little Femme Osage Creek. These sedimerits have
accumulated in overbank and backwater areas throughout the floodplain. Fine-grained deposits
comprise the upper 15 ft to 25 ft of the Missouri River fleodplain and consist of silty clay and
clayey silt with organic matter and some [ine sand. The coarse-grained alluvium consists of fine-
to mediun-grained sands with some silt grading to coarse-grained sand, cobbles, and boulders
with depth. Approximately 20 ft to 80 ft of coarse-grained atluvium is present at the base of the
floodplain. :

Near the quarry, fine-grained deposits also comprise the full section of the alluvium
associated with the Little Femme Osage Creek. These deposits are reworked glacial tills eroded.
from upland areas north of the quarry and consist of silty clay and clayey silt with alternating
layers of fine sand, sandy silt, sandy clay, and stff clay with gravel.

DOEIORI2 1648-587, Rev. 2 {Final] 6-9 022498




£ 2G-8Ea LZAH0A00

13- ¥ = 1
FUAOLHCD AT

Ayn L =
ygn g0z =
YN ¥ =
Aydn 0'g =
AfE OPL =

Ei
FA8

13doid Alenp 8yl 10} sjuswainsesy 9soq Jid

Ee————T1FITTId 3

-5 34HNHIH

iyfgh #'g = §

I
Lo I I T

-

YN 9°L-5'E = DA8

6-10




AEMEDIAL INVESTIGATION FOR THE QUARRY RESHALS QPERABLE UMIT: WELDON SPRING SITE, WELGOM SPRING, MO

6.3.2 Remedial Investigations - Outside the Quarry Proper

Surface and subsuzface soits were collected outside the quarry to characterize the horizontal
and vertical extent of contamination. Sampling focused on the area south of the quarry, especially
between the Katy Trail and the Femme Osage Slough. This area incleded Vicinity Property 9,
which was remediated in 1996 under the Chemical Plant Record of Decision (Ref. 9}.

During an initial study in suppert of this remedial investigation (Ref. 31), surface samples
(0 ft to 0.5 ft) were collected from 14 sampling units in the area between the Katy Trail and the
slough (Figure 6-5). A composite sample was prepared from nine random samples obiained from
each of these units. The composites were analyzed for radionuclides, sulfate, metals, and
pitroaromatic compounds (1,3,5-TNB; 1,3-DNB; 2,4,6-TNT; 2,4-DNT; 2,6-DNT; and
nitrobenzene}.

: e L L
.\ / SR GUARRY BOLNDARY
| / . e T STATE WISHWAY 84
! ) /f” T - KA THAIL
: S [T 80IL SAMPLING QUADRANT
S tira e _7 FEET {* = WICINITY PROFERTY
. | i = .k i 8 15 INCLUIDED) .

FIGURE 6-5 Soil Outside the Quarry Proper: Surface Sampling Locations

In a second investigation, surface and subsurface samples were collected from seil borings
taken in the quarry area, the St. Charles County well field, and at three background locations
(Figure 6-6). In most cases, these borings extended to bedrock, Sample intervals were 0 ft 0 0.5
fr, 0.5ftto 2 ft, 2 fito 5 ft, and at 5 f or 10 ft intervals to bedrock. All samples were analyzed
for total uranium and arsenic. Selected samples were analyzed for analytical parameters defined
in Table H-5, Apperxlix H. A summary of the sampling locations, coordinates, and intervals, as
weil as boring logs, are provided in Table E-6 and Attachment E-1. Data from the upper 2
interval for borings 25, 27, and 38 (Group $Q) were not included in data summaries and statistical
analyses becanse these soils were removed during remediation of Vicinity Property 9.
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REMECHAL INVESTHSATION FOR THE QUAREY RESIDUALS OPERABLE UNIT: WELDDN SPRING BITE, WELDON SPRING, MO

6.3.3 Vicinity Property 9

Vicinity Property 9 (VP 9) was an area between the quarry and the slough and south of the
Katy Trail whesfe uranium contaminated soils were identified by investigations performed during
the 1980s. The contaminated area was approximately 550 feet long, 200 feet wide, and opposite
a bedrock fracture zone described in Section 8. The highest uranium levels were found at depths
ranging from 2 to 5 feet below ground surface, and the contamination was attributed to
groundwater flow from the quarry (Ref. 28, 29, and 30).

More recently, several borings were advanced to bedrock, and soils were sampled in the,
VP 9 area as part of this Remedial Investigation. Laboratory results indicate that the highest
uranium levels were in the upper 6 inches of the soil profile, which alse contained abundant
organic material (Table E-7, Appendix E). Elevated uranium levels were identified though the
entire length of borings QRSB-25, 27, 3§, and 40. In the remainder of the borings in the VP 9
area, uranium contamination was limited to specific intervals which correlated to zones of iron
oxide staining or higher contents of organic material. Intervals with a relatively high percentage
of sand showed the lowest uraniurn levels. The VP-9 area was later remediated in January 1996
urler the Chemical Plamt ROD (Ref.5).

6.3.4 Nature and Extent of Soil Contamination OQutside the (Quarry Proper

The analytical results from soil samples taken ouiside the quarry proper were separated into
four groups as shown below based on location:

» Group WQ: Soils west of the quarry and notth of the siough
« Group EQ: Soils east of the quarry and north of the slough
»  Group 8Q:  Soils south of the quarry and north of the slough
«  Group $8:  Soils south of the slough '

For naturally occurring parameters, the UCL95, for each group was compared to the
UCLO5;, as defined in Section 3. This comparison s shown on Figure 0-7A. Based on the
definition in Section 3, four metals, three incrganic anions, three radienuclides, and four
nitroaromatic compounds have been identified as potential contaminants (Figure 6-7A}). None of
these potential contaminants exceed the screening guidelines presented in Section 3. The following
discussions focus on these parameters and detected anthropogenic parameters (Figure 6-7B). Data
for the sample groups are presented in Tables E-8 through E-10 of Appendix E.
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FIGURE 6-7A Soil Qutside Quarry Proper: Background Comparison for Naturally
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The bar graphs display the UCLYE value for aach data group {UCLI5,) divided by the UCLSS
value for derived background (UCL9E.). Values greater than 2 indicate signlficant deviatiaon
from background (Section 3) Note: Ratio set te 1.if 100% of sample date were below the limit
of detection, :
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6.3.4.1  Potential Contaminants. Levels of Pb-210, Ra-226, Ra-228, Th-228, and
U-238 exceed background in at least one of the four soil groups. With the exception of U-238,
Fb-210 (EQ), and Th-228 (SQ and SS), radionuclides are only slightly above background. In
general, the highest radionuclide levels occur in soil directly south of the quarry {Group SQ}, with
the highest 1J-238 levels occurring near the former Vicinity Property 9 area. In. soils east and west
of the quarry, elevated U-238 levels generally occur in the 2 ft to 5 ft interval. '

Chloride, fluoride, and sulfate significantly exceed background in at least one soil group
in the quarry area. Chloride and flucride levels are above background in soils west of the quarry
and sulfate levels are above background in soils south and west of the quarry. The highest values
ocenr in surface samples of soils directly south of the quarry. Elevated sulfate was identified at
a depth of 40 ft to 45 ft in boring 31 west of the quarry. S

Lead and zinc 3re the only metals significantly above background, as shown on Figure
6-7A. The highest concenirations of these metals are found south and east of the quarry. Other
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metals that marginally exceed background are randomly distributed throughout the sample groups.
Tn general, the highest metals concentrations occur in the upper 5 ft of the soil profile.

Low levels of nitrearomatic compounds were detected in soils to the east, west and south
of the quarry (groups EQ, WQ and SQ}. The highest levels were measured in Group S0 as shown
on Figure 6-7B. These compounds were generally detected in the upper 5 ft imterval, but were

also found in the 10 ft to 20 ft interval at some locations. Nitroaromatic compounds were not -

detected in soil samples collected from locations south of the slough.

© Several pesticides, PCBs, semivolatile compounds, and volatile compounds were detected
at low levels at isolated locations. These parameters are identified in Table E-~10 of Appendix E.
Detections of common laboratory contaminants, such as acetone and methylene chloride, are
considered suspect and not representative of soil in the areas sampled.

6.3.4.2 Extent of Contamination Outside the Qual_'rf Proper. Soils coniantinated |

with uranium and pitrearomatic compounds are generally limited to the area direcily south of the
quarry, which includes the Vicinity Property 9. During excavation of soils in this area, field
personnel noted that the highest concentrations of yranium were associated with tree roots and a
shallow, dark layer of soil, which was assumed to be rich in orgamic matter. ‘The apparent
association of high uranium levels with orgamic matter, which readily sorbs uramium (see
discussion of Kd values in Section 93, is consistent with the hypothesis that groundwater carrying
dissolved uranium was responsible for contamination of Vicinity Property 9. Other observations
that support this hypothesis, include: '

+  Vicinity Property 9 is downgradient of the quarry.
+ Elevated levels of uranium are present in groundwater in this area.

~«  (Other relatively insoluble Iadiﬂﬂl.lﬂﬂdﬂs,- such as thorinm and radinin, that are

associated with uranium are not present at similarly elevated levels in these soils. The

absence of these species indicares that spllls or discharges of water from the quarry are
not likely sources.

Groundwater transport and subseguent sorption of uraniom on organic material and ron
and manganese oxides or precipitation of solid phases in anaerobic soil zones, may also be
responsible for the sporadic occurrences of elevated uranium at deeper levels. Nitroaromatic
compounds detected in the upper 5 £ of soil also likely resnlt from groundwater transport and
sorption on organic matter. The occurrence of nitroaromatic compounds at deeper intervals may
reflect the presence of organic material in these areas, as nitroaromatic compounds are not readily
sorbed onto soils (Ref. 59).
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The metals and various organic compounds that have been detected at slightly elevated
levels in-shallow soils south and east of the quarry may have been transported in groundwater from
the quarry io these areas. However, groundwater fransport from the guarry is not the only
plausible source of metals. They could also be derived from flood-related overbank deposits of
fine sediment carried by the Missouri River or from runoff from the former Welidon Spring
Ordnance Works down the original Little Femme Osage Creek drainage. These sources are .
discussed in Section 7 as plausible contributors of elevated metals in the Femnme Osage Slough and
the Little Femme Osage Creek.

6.4  Significant Observations
+ Limestone bedrock in the quarry proper does not have fixed contamination.

« Soil in wall fractures within the quarry has background or low levels (less than two
times backgronnd) of contarnination.

+ Isolated areas of contamination are present in the “triangle” area and in a ditch south
of the asphalt area. Characterization in the “triangle” area will be performed when
safe access has been established to this area. These areas are scheduled to be
remediated during quarry restoration activities.

» Soil in quarry floor fractures and depressions and at the base of the sump is
contaminated with radium, Th-230, and uranium. Other contaminants are either
present at low levels or were not detected.

« Low levels of uraniurn are sorbed onto soils located between the quarry and the slough.
Low levels of other contaminants {radionuclides, nitroaromatic compounds, and
metals) also occur in this area, primarily in the upper 5 ft interval. Transport of
contaminants to this area by groundwater appears to be a plausible explanation for
¢levated uraniurm and pitroaromatic levels,

» Overbank flooding by the Missouri River may be a source of elevated metals in surface
soils south of the quarry.
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7 SURFACE WATER AND SEDIM;:ENT-INVESTIGATIONS

This settion describes surface water features in the vicinity of the Weldon Spring Quarry
and presents data collected to characterize the nature and extent of contamination in surface water
and sediments. Plausible sources of contamnination for these media are evaluated, and the
interaction batween surface water and groundwater is examined.

7.1  Physical Description

Precipitation fatling in the vicinity of the quarry infiltrates into the subsurface or flows
overland to drainages and streams which carry water to the Missouri River. Significant surface
water features are shown in Figure 7-1. '

_ Near the quarry, most surface unoff is captured by the Little Femme Osage Creek and the
Femme Osage Creek (Ref. 8). Minor runoff aiso flows into the guarry and collects in the surnp
area, thus contributing to the quarry pond. The Little Femme Osage Creek, which i1s immediately
west of the quarry, drains upland areas to the north and joins the Femme Osage Creek
approximately 2,000 fi southwest of the quarry. Below this confiuence, the Femme Osage Creck
flows east to the Missouri River, which flows in a northeasterly direction approximately 1 mi to -
the south of the quarry, Flow gradients in the lower reaches of the Femme Osage Creek and Little

Femme Osage Creek are relatively flat. At high water stage, the Missouri River backs up into

these crecks causing flow rates to decrease and water levels to rise. During these periods, cregk
and river water mix, and fine-grained sediments carried by the river may be deposited in the-creek
channels.

The Femme Osage Slough is an isolated, 1.5 mi long body of water approximately 500 fi
south of the quarry. The slough was formed in 1960 when downstream reaches of the Femme
Osage Creek and the Little Fernme Osage Creek were cut off from their natural channels by a
levee constructed by the University of Missouri to prevent flooding of nearby farmland and the -
St. Charles County well field {Ref. 33). Pre-1960 channels for these streams are shown in Figure
7-2.

Although the floodplain south of the quarry is protected by a levee, flooding is commen
in this area. Recent flooding of this area occugred in 1993, 1994, and 1995, and typically occurs
every 3 to 5 years. The levee system also slows recession of flood waters. After flood events,
1 to 2 months are required to fully drain flood waters from this area {Ref. B). Water elevations
for 100-year and 500-year floods at Missouri River Mile 49 (near the confluence of the Femme
Osage Creek and the Missouri River) are 472.8 ft above mean sea level (MSL) and 474.6 it MSL,
respectively (Ref. 8). The 100-year flood elevation on the Femme Osage Creek is 474 fi
(Ref. 34).
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Sediments in the Femme Osage Creek, the Little Femme Osage Creek, and the Femme
Osage Slough primarily consist of fine-grained alluvinm derived from erosion and redeposition
of upland glacial till soils. These sediments ace interlayered with fine river sediments deposited
during ftood and high water stages of the Missouri River. Based on field ebservations, the slough
and creek sediments range from tight brown silty clay to a darker brown silty clay.

7.2  Surface Water and Sediment Investigations

" Numerous investigations have been performed to characterize the nature and extent of
contaminants in surface water and sediments near the quarry. Studies performed prior to these
investigations are summarized in Table F-1 of Appendix F. Surface water data have also been
presented in annual environmental monitoring reports (Refs. 35, 36, 37, 38, 39, 40, 41, and 42).
Tasks performed to support quarry residuals investigations are described m Appendix F,
Table F-2.
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7.3  Nature and Extent of Contamination

The results of previous and remedial investigations are summarized in the following
sections. For ease of discussion and for statistical analysis, surface water and sediment sampling
results are grouped by location. Surfice water and sediment data collected as part of special
studies conducted in 1988, 1991, 1992, and 1994 (Refs. 43, 44 and 45) are incorporaied into the
approptiate groups for statistical analysis. The sample groups are: '

« CK Little Femme Osage Creek and the downstream portion of Femme Osage
Creek (locations 1001, 1002, 1014, 1016, and 1017; special study locations -
for surface water and sediment FCOL-FC0%) {Figure 7-1).

« USL Upper Femme Osage Slough (locations 1003, 1004, 1005, 1010, 1018,
1019, 1020, and 1021; special study locations for surface water and
sediment: FS01-FS05 and for sediment: 406%-4076) (Figure 7-1).

« LSL Lower Femme Osage Stough (locations 1007, 1009 and 1022; and special
study locations for surface water and sediment: FS06-FS08 and sediment:
4067-4068) (Figure 7-1).

+ MR Missouri River (surface water locations 1011-1013 and sediment: 4090 and
4001} (Figure 7-1). |

+ BKG  Background {locations 1023 and 1024) (Figure 7-1).

In addition to the locations described above, sediment samples were taken at locations 4067
through 4076 (Figure 7-1). Locations 4067 and 4068 are included in the statistical analysis for
group LSL, the lower Femrne Osage Slough. Locations 4069 through 4076 are included in the-
statistical analysis for group USL, the upper Femme Osage Slough. Sediment samples were taken
along the Missouri River, 4090 and 4091, and are grouped as MR. The statistical approach and
definition of potential contamination-applied to sediment data were the same as those applied to
surface water data.

~ 7.3.1 Background Characterization

Background data for surface water and sediments were collected from two locations on the
Femme Osage Creek (Figure 7-1). " The background locations are upstream of the quarry and have
not been influenced by the activities at the quarry. During high Missouri River stage, this area
has a depositional environment that is similar to the Little Femme Osage Creek and the Femme
- Qsage Siough. Because data have only been collected at these locations since December 1995, the

BOE/OR/Z1648-587, Rev, 2 {Finall 7-4 022488




AEMEDIAL INVESTIGATION FOR THE OUARRY RESIDUALS OPEAABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

background data sets are guite small, As thé-_se data seis are limited, the full range of background
variation is probably underestimated, which may lead to calculation of low values for the upper
95% confidence kimit about the mean for derived background (UCLSS;). Based on criteria
presented in Section 3, low vaiues for UCL95; could increase the number of parameters identified
as contaminants in these media.

Locations 1001 and 1016 (Figure 7-1} on the Little Fermnme Osage Creek are also
upgradient of the quarry and were used as background locations in earfier studies. These locations
were not used as background for this investigation because the Little Femme Osage Creek
continnes to receive runoff from the former Weldon Spring Ordnance Works. Locations 1001 and
1016 were grouped with the downstream locations on the Little Femrne Osage Creek (CK).

7.3.2 Surface Water Characterization

Surface water samples were analyzed for the parameters shown on Table H-5, Appendix
H. Data summaries for samples collected from the Littie Femme Osage Creek, the Femme Osage
Slough, the Fernme Qsage Creek, and the Missouri River are shown in Figures 7-3A and 7-3B and
presented in Tables F-3 through F-5 of Appendix F.

Data for naturally cccurring parameters are compared to background in Figure 7-3A.a
series of bar charts that quantify the magnitude by which the upper 95% ‘confidence limit about
the mean for the sample group {UCL95,) for each parameter in each group exceeds UCLSS,.
These graphs show that numerous parameters deviate significantly from background (i.e., have
ratios >>2) and are considered potential contaminants. - Aluminurn, manganese, and total uranium
also exceed water quality standards in one or more groups, Elevated levels of aluminum and
manganese, which are not soluble in the pH-Eb range of surface water in the vicinity of the .
quarry, probably reflect incorporation of suspended sediment in the samples. Uranjum is the
primary contaminant in surface water in the vicinity of the quarry. Locations where uranium
levels exceed background are shown in Figure 7-4. Nitrearomatic compounds were only detected
in the Little Femme Osage Creek; maximum values for these compounds are shown in Figure
7-3B. Herbicides, pesticides, PCBs, and semivolatile and volatile organic comipounds were not
detected in any surface water samples. '

In the CK sample group, 28 naturally occurring parameters exceed background
(Figure 7-3A). Of these, four metals (aluminum, chromium, silver, and zinc) and three
radiochemical parameters (gross alpha, gross beta, and Ra-226) significantly exceed background
(i.c., have ratios >2). Aluminum, antimony, iron, and manganese also exceed water quality
standards, Low levels of nitroaromatic compounds were also present in the CK sample group as
shown in Figure 7-3B, none of which exceed water quality standards.
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In the USL sample group (Figure 7-3A), 26 naturally occurring parameters exceeded
background. Of these, one anion (sulfate), eight metals {aluminum, chrominm, iron, lead,
manganese, sodium, strontinm, and zinc), and three radiochemical parameters (gross alpha, gross
beta, and total urapium) are significantly greater than background {i.e., have ratios >2).
Alurninum, antimony, iron,. Manganese, ﬂlﬂlllum1 gmss atpha, and total uranjum exceed water
guality standards.

In the LSL sample group (Figure 7-3A), 23 parameters f:xcced background. Of these, two
anions (nitrate and sulfate}, ten metals {aluuum.:m, arsenic, chrominm, iron, lead, manganese,
nickel, sodium, strontium, and zing), and three radionuclides (gross alpha, gross beta and total
uranium) significantly exceed background (i.e., have ratios =2}, As in the USL group,
aluminum, antimony, iron, manganese, thallium, gross alpha, and total uranium exceed water
guality standards.

Data for the Missourt River (MR sample group) are also compared to background in Figure
7-3A. Contaminated water from the quﬁrry is a minima} fraction of the Missouri River water
budget, but at high water stage the river contributes a significant fraction of the water in the
Femme Osage Slough and alse contributes to the lower reaches of the Little Femme QOsage Creek
and the Femme Osage Creek. As shown in Figure 7-3A, 27 parameters in the MR group exceed
background. Of these, all five inorganic anions {(chloride, fluotide, nitrate, nitrite, and sulfate
[bromide was not analyzed]), eleven metals (alumimim, antimony, arsenic, cobalt, iron, lead,
lithiuim, mangapese, potassium, sodium, and zinc), and four radiochemical parameters (gross
alpha, gross beta, Ra-226 and Th-232) significantly exceed ha,ckgmund (i.e., have ratios >2).
Aluminum, antimony, iron, lead, manganese, and thallmm also exceed water quality standards,

7.3.3 Putential Sources of Surface Water Contamination

The Little Femme Osage Creek may receive contaminated water from several sources.
Runoft tfrom the Weldon Spring Drdnainc; Works production area, which lies upstream of the
quarry, is the likely source of nitroaromatic compounds detected in the creck. These compounds
© were detected at upstream locations that are not impacted by the quarry. Elevated levels of metals
may also be derived from this area, but they could also result from migration of contaminated
groundwater from the quarry. In addition, overland discharge of contaminarted water from the
quarry during a U.S. Geological Survey (USGS) study (Ref. 33) or influx of Missouri River water
during flooding may have mntanunated creek sediments, which continve to release these metals
to the stream.

Several plausible sources could contribute contaminants to the Femme Usagc Slough.
Elevated total uraninm levels in both the upper and lower portions of the slough, as shown in
Figure 74, may result from groundwater seepage along the north bank of the slough, runeff from
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the Vicinity Property 9 area prior to remediation, or desorption of uranium from contaminated

sediments in the stough. The latter source is difficult to defend because uranium concentrations
in slough water do not appear to correlate with concentrations in slongh sediments. Elevated -
metals in the slough may be derived from contaminated proundwater seepage, mixing with
Missouri River water, and/or desorption of metals from contaminated sediments. The first two
processes are also plausible sources for elevated sulfaie levels. '

The data indicate that the water from the Missouri River, which is periodically initoduced

into the slough and backs into the Little Fernme Osage Creek, is a possible contributor to the
elevated concentrations in both these water bodies. Many of the metals that are elevated in the
creek and slough are also elevated in the river.

Thallium and antimony, although not elevated above background, may exceed water quality
standards, 2 ug/L and 6 ng/L, respectively. This is due to the detection limits for surface water
samples are greater than the MCLs for these parameters, Surface water locations will be sampled -
and reanalyzed for thallium and antimony using lower detection Hmits.

7.3.4 Sediment Characterization

: Sediment samples were collected at locations identified in Figure 7-1 and were analyzed
for the parameters listed on Table H-5, Appendrx H. Data summaties are presented in Tables F-6
through F-8 of Appendix F.

Data for naturslly occurring parameters are compared 1o background in Figure 7-5, & series
of bar charts that quantify the magnitude by which UCL94 for each parameter in each group
exceeds UCLY5, for background. These graphs show that numerous parameters significantly
exceed background {i.e., have ratios >2) and are considered potential contaminants. However,
none of these potential contaminants exceed screcning guidelines presented in Section 3.
Locations where U-238 exceeds background are shown in Figure 7-6. Anthropogenic parameters,
including nitroaromatic compounds, were not detected in any sample graup

In the CK sample group, sulfate, four metals (antimony, calcium, magnesium, and
strontium), and U-238 significantly exceed background (i.e., have ratios >>2). None of these
.constituents exceeds the screening guidelines presented in Secrion 3, '
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FIGURE 7-5 Sediment: Background Comparisen for Naturally Oceurring Parameters

The bar graphs display tha UCL25 value for each data group (UCLYE,) divided by the UCLES value
for derived background {JCLIE.). Values greater than 2 indicate significant deviation from
background {Section 3} Nota: Ratio set to 1 if 100% of sample data were below the limit of
detsction,
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FIGURE 7-6 Locations Where Total Uranium Concentrations Exceeded

Sediment Background

In the LSL and USL sample groups, three incrganic anions {chloride, fluoride, and
sulfate), 18 metals {aluminum, berylium, cadmium, calciuim, chrominm, cepper, ron, lithium,
magnesium, manganese, mercury, molybdenum, nickel, potassium, seleniumn, sodivm, strootium,
and vanadium) and three radionuclides (Ra-228, Th-230, and U-238}) significantly exceed
background (i.e., have ratios >»2}. Concentrations of most meials are highest in the LSL group,
whereas uranium and sulfate are highest in the USL group as shown in Figure 7-5.

Missouri River sediment samples are generally at or below background levels (Figure 7-5).
Sulfate is elevated above background. The locations for the MR sample group were sampled only
once {after the 1995 flood) and analysis did not include the entire list of analytes, as indicated in

Figure 7-5.
7.3.5 Sources of Sediment Contamination

The elevated metal levels in the CK sample group could result from flood deposition of
suspended sediment in Missouri River water; discharge of contaminated quarry pond water during
a USGS study (Ref. 33), or wastewater discharge and munoff from the former Welden Spring
Ordnance Works. Most likely, sediment contamination in the Little Femme Osage Creek is from
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the result of a combination of these sources. The slightly elevated U-238 levels in these sediments
may have resulted from runoft from former Vicinity Property 8 prior 1o remediation (Figure 7-2}.
Vicinity Property 8 was locaied immediately upslope from the quarry and was an isolated area of
radiologically contaminated soil. ' '

 Sediments in: the slough were also probably contarninated by a combination of processes.
Prior to 1960, the tower reaches of the creeks that became the Femme Osage Slough were areas
that favored settling of suspended fine material from potentially contaminated upstream souirces.
Metal contamination in the LSL sample group (Figare 7-5), which is closest to the Missonri River
" inlet valve, likely reflects deposition of colloidal phases and fine-grained sedimients carried in
suspension by the Missouri River during controfled inflow or flood events. U-238 in the USL
.sample group, which is closest to the quarry, likely results from quarry-contaminated groundwater
seeping into the slough at dlscrr:tc points along its north bank ami runoft from the Vicinity -
Property 9. |

7.4  Groundwater and Surface Water Interaction
7.4.1 Qﬁarry Pond

Although technically a surface water bedy, the quarry pond is isolated from the surface
water system. The quarry pond collects rain water and surface water runoff from the rim and
higher levels of the quarry proper. The-pond also receives some groundwater discharge along its
~ northern, upgradient, wall and discharges to the groundwater via near horizontal partings near the .
Kimmswick Limestone/Decorah Group contact along its southern wall.

Pricr to bulk waste removal, the quarry pond maintained an elevation of 465 ft MSL,
which is approximately 10 ft above the Kimmswick Limestone-Decorah Group contact (see Section
g for a detailed discussion). During the bulk wasie removal acticn, water was -r:-:}titinur;-_l_.lsly_
pumped from the pond to the quarry water treatment plant to facilitate the waste removal. At the
end of this action in December 1993, approximately 0.5 ft of water and sediments remained on
the floor of the sump, which is at an glevation of about 439 ft MSL. In mid-December 1983, the
pumping was stopped and the pond was allowed to recharge according to the plan presented in the
Quarry Residual Sampling Plan, Addendum 2: Phase 2 Sampling (Ref. 2). In March 1996, the
pond was purnped down again because uranivm levels exceeded the 600 pCifl criterion set | in the
recharge study. Natural recharge resumed in mid-April 1996. '

The quarry pond was routinely monitored before the start of bulk waste. removal. -
Chemical data from this monitoring were reported in the Weldon Spring annual site environmental
reports for 1987 through 1993 (Refs. 35, 36, 37, 38, 39, 40, 41, and 42). The pond was also
sampled for metals, inorganic anions, radionuclides, snd nitroaromatic compounds in March 1996,
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before the pond was purmped. Results from this samp]ihg are presented il Appendix F, Table F-9.

- Total uraniurm (1,090 pCifl) was the only parameter found at significancly elevated levels
in the March 1996 sampling event. Trace levels of nitroaromatics and Ra-226 and Ra-228 were
also detected (less than 1.0 pCi/l). Since resuming quarry recharge in mid-April 1996, uranium,
is the only parameter that is routinely monitored. During this period, uranium levels have
fluciated between 400 and 550 pCi/l but have never exceeded the 608 pCifl criterion. Uranium
and precipitation data collected during the recharge period are shown as a function of time in
Figure 7-7. This decrease in uranium levels is likely ativibuted to the remediation of the northeast
gorner early in 1996. Prior to this, contaminated soils and materials were accessible to
pm:lpltauuu and contributed to the run-off collected in the quarry pund

7.4.2 United States Geological Surve}f Groundwater and Surface Water Studies

The USGS conducted a study to identify the interaction between groundwater and surface
water systems in the quarry area (Ref. 46). Three staff gages were installed along the Little
Femme Osage Creek; four were instafled in the Femme Osage Slough; and one was installed in
the Misscuri River downstream of the slough. In addition, piezometers were installed in the
shallow alluvium porth and south of the slough. Tables F-10 and F-11 of Appendix F presents
water level measurernents for each gage and lists the mean daily stage in the slough based on PMC
. data.

The USGS swdy concluded that the Femme Osage Slough is a source of gradual recharge
to the alluvial aquifer except in extreme flood conditions (Figure 7-8). Analysis of surface water
and groundwater levels for this remedial investigation indicates that the alluvial aquifer discharges
to the slough along its northern bank at several locations immediately southeast of the quarry.
Additional discussions regarding the interaction between the altuvial aquifer and the slough are
presented in Section 8.

7.5  Significant Observations

s Total uranium concentrations bave been in the 400 pCi/l to 550 pCi/l range since the
pond was pumped down in April 1996,

= Surface water and sediments of the Little Fernme Osage Creek have.heen influenced
by activities at the former ordnance works.
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPAING SITE, WELDON SPRING, MO

» Many of the elevated paranwtﬂrs in the surface water of the upper and lower Femme
Osage Slough are also elevated in the Missouri River, which is routinely diverted to,
or floods, the slough.

«  Surface water and sediments in the Femme Osage Slough have probably been impacted
by migration of uranium-contaminated groundwater from the quarry.

+ Runoff from the Vicinity Property 9 may have impacted surface water and sediment
concentrations in the Femme Osage Slough.

« Uranium, magnesium, and aluminum exceed their respective water quality standards
(Table 3-1} in surface water outside the guarry. :

+ UCL95, for uranium is 66.5 pCi/l in the upper Femme Osage Slough and 13.3 in the
lower Femme Osage Slough. '

+  Thallium will be re-analyzed in susface water with a detection limit less than or equal
to the MCL. to determine its presence.
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8 HYDROGEOLOGIC INWTESTI’.GATI'DNS

The results of hydrogeclogic siudies supporting the Quarry Residuals Remedial
Investigation are presented in this section. Historical and recent information pertaining to
geology, hydrostratigraphy, and aquifer characteristics of the alluvium and bedrock were evatuated
and correlated to develop the site conceptual groundwater model. The model describes the
physical framework of the underlying aquifer and potential groundwater pathways for contaminant
migration. .

8.1 Hydrogeologic Setting

The generalized hydrostratigraphy in the Weldon Spring area is presented on Figure 8-1.
Regional aquifers include shallow, middle, and deep bedrock systems and the alluvial system (Ref.
49). Upper and lower confining units are also defined in the regional hydrostratigraphy. The
shallow bedrock aquifer system and the upper confining unit shown on Figure 8-1 are not present
near the quarry.

8.1.1 Site Geology

Geologic descriptions of the bedrock units and alluvium in the vicinity of the quarry are
presented in the following sections. Geologic units are-described in descending order.

£.1.11 AHuviom. The alluvial deposits associated with the Missouri River and its
tributaries are discussed in Section 6. In summary, coarse-grained deposits comprise the bottom
20 it 1o 80 ft of the Missouri River floodplain. .These sediments consist of fine- to medium-
grained sand with some silt which grades with depth to coarse-grained sand with cobbles and
boulders. Fine-grained deposits comprise the upper 15 i to 25 ft of the Missouri River floodplain
and the full thickness of the Little Femune Osage Creek and the Femme Osage Creek alluvium.
These materials were deposited during floods in areas of decreased flow velocity. The fine-
grained alluvium consists of silty clay and clayey silt with alternating layers and Jenses of fine
sand, sandy silt, sandy clay, and clay with gravel. Cross-sections (Figure 8-2 and 8-3} illustrate
coarse-grained materials extending into the area north of the slough. In the close vicmity of the
guarry, this primarily occurs near well clusters 1013/1014/1031 and 1015/1016/1046. These
coarser materials are coincident with bedrock lows which occur in these areas. '

8.1.1.2 Bedrock. Bedrock units of interest to this investigation are the Kimmswick
Limestone, Decorah Group, Plattin Limestone, and Joachim Dolomite. The quarry was mined
through the Kimmswick Limestone and into the upper portion {approximately 15 ft) of the Decerah
Group.
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The Kimmswick Limestone is medh_;m to coarsely crystalline, highly fossilifercus, medinm
to thickly-bedded, and cherty near the base (Ref. 50}. Solution-enlarged vertical to near-vertical

joints and joint intersections are characteristic of this formation. Several thin shale zones are .

present at the base of the Kimmswick Limestone. The upper portion of this unit has been eroded
in the quarry area. The Kimmswick Limestone, where present, ranges from 8 ft to 70 ft thick in
the study area.

Undertying the Kimmswick Limestone is the Decorah Group which is a thin to medium-

bedded finely crystafline to lithographic limestone containing interbedded clayey, fossiliferous

shales (Ref. 50). This formation ranges from 15 £ to 36 ft thick as indicated by coting. A thin
metabentonite laver is present near the base of this formatien.

The Plattin Limestone confermably underlies the Decorah Group and is a thin to medinm
bedded, finely crystalline to lithographic limestone with some chert. The lower 5 fit to 10 1t of this
formatien is a dolomitic, colitic, argillaceous limestone with thin pebble conglomerate beds. The
formation ranges from 82 fi to 121 fi thick, as indicated by rock cores. Solution-enlarged joinis
have been documented in the Plattin Limestone (Ref. 50), although none were identified in rock
cores from the quarry area. '

The Joachim Dolomite is predominantly a thinty bedded, yellowish-brown, argitlacecus
dolomite containing interbedded limestone and shale. Only the upper 15 ft of the Joachim
Dolomite was investigated. Literature indicates the typical thickness of the formation ranges from
90 ft to 110 ft (Ref. 1).

Cross sections of the quarry area {(Figures 8-2 and 8-3) illustrate the current geologic
madel. Of particular interest is the sloping surface along the alluvium-bedrock contact. The lower
portion of the Kimmswick Limestone and the Decorah Group is present beneath the alluvium notth

of the slough. The Plattin Limestone, which was emded by the Missouri River, forms the base

of the alluviom south of the slough.

The bedrock topography map (Figure 8-4) shows the effects of natural erosional processes

in the quarry area independent of the formation. In addition, man-made depressions (including:

the gquarry) are evident. Zones where intense weathering and erosion have occurred are
represented by rapid changes in bedrock surface elevations. The most obvious of these is along
the edge of the floodplain where the limestone bedrock has been eroded by the Missouri River o
form the bluffs north of the Katy Trail. South of the bluffs, the bedrock surface slopes gradually
beneath the alluvium until just south of the Femme Osage Slough where it flaitens even further to
the southeast.
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Smaller depressions represent more localized weathering, which is often linearty oriented
and represents intense weathering along mear-vertical fractures. An example can be seen
immediately west of the quarry near the Little Femme Osage Creek (Figure 8-4). In this area, a
tributary creek has likely eroded the bedrock in a northeast to southwest direction and deposited
alluvinm in the erosional valley. This valley forms the northwest side of a bedrock ridge that
paraliels the valley and extends out inte the floodplain. Where saturated, these linear bedrock .
lows control the direction and velocity of groundwater flow.

A geophysical survey was performed on the Missouri River floodplain south of the quarry
to determine the topography of the underlying bedrock surface (Ref. 52). The results of this
survey indicate that the bedrock has an undulating surface with occasional ridges and troughs that
are likely the result of channel-controlled erosion along the ancient meanders of the Missouri
" River. Om average, bedrock depths determined from the geophysical survey are within 5 ft of
depths obtained from field borings.

8.1.2 Hydrostratigraphy

8.1.2.1 Regional. The hydrostratigraphy in the Weldon Spring area is presented in
Figure 8-1. The Kimmswick Limestone is the middle aguifer, and the Decorah Grounp, Plattin
Limestone, and Joachim Dolomite comprise the lower confining unit that-overlies the deep aquifer
system (Figure 8-1). Confining conditions result, in part, from low permeability shale layers m
the Decorah Group (Ref. 49). Although saturated, the Decorah Group, Plattin Limestone, and
Joachim Dolomite are not utilized as a source of potable water due to extremely low vields (Ref,
4%). The Kimmswick Limestone yields small to moderate quantities of water to wells in the
surroursling region (Ref. 49). ' ' '

The deep aquifer system (Figure 8-1) includes units from the St. Peter Sandstone down to
the Potosi Dolomite and is one of the most productive aguifers in Missouri {Ref. 49). The deep
aquifer is used by many municipalities and public water supply companies, primarily in western
and northern St. Charles Counry (Ref., 49}.

The alluvial aquifer underlies the floodplain of the Missourt River and is capable of
supplying large quantities of water (600 to 2,600 gpm per well) for municipal, industrial, or
domestic use (Ref. 49).

8.1.2.2° Local. Water bearing units in the vicinity of the quarry inglude limestone
bedrock (Decorah Group and Plattin Limestone) and Missouri River alluyium, which are in
contact with each other along an erosicnzl surface (Figures 8-2 and 8-3). In the vicinity of the
quarry, the Kimimswick Limestone is typically unsaturated, er the water table is near the base of
the formation. Althongh saturated, the Decorah Group, Plattin Limestone, and Joachim Dolomite
are not utilized locally as a water sonrce because their yields are extremely low (Ref. 49).
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The alluvial aquifer of the Missouri River valley is a major source of drinking water for
St. Charles County. The county currently operates eight production wells capable of producing
22 million gallons per day {MGD) at peak demand. The capacity of the associated water treatment
plant, which is north of the well field, is 22 MGD. Typically, only four or five of the wells are
used on a rotating basis, producing 10.5 MGD (Ref. 53). ' '

8.1.3 Aguifer Recharge and Discharge

The limestone bedrock units (Kimmswick Limestone, Decorah Group, and Plaitin
Limestone) are recharged by the following mechanisms: '

» Downward flow from the overlying shallow aguifer system (Burlington-Keokuk
Limestone and Fern Glen Formation) through the upper leaky confining unit in upland
areas to the north.

.+ Infiltration of both precipitation and runoff through the overburden in the vicinity of
the quarry.

« Infiltration of preﬁipitatinn directly into the bedrock fractures in and near the. quarry.

» Infiltration of quarry pond water.

The alluvial aquifer. is recharged by the following mechanisms:

+ Infiltration of surface water {e.g., the Femme Osage Slough and the i’vlissouri River).

« Infiliration of precipitation,

+ Discharge from the limestone bedrock.

Measurements fmm piezomeiers installed between the St. Charles County well field and
the Missouri River show infiltration ftom the river into the alluvium (Ref. 54). An elecirical
analog model of the St. Charles County well ficld showed that under normal operation 66% of the

water pumped is mduced infiltration from the Missouri River (Ref. 54). The model also indicates
that the percentage of water derived from the river increases as the rate of production. increases

(Ref. 54}.
8.2  Previous Investigations
Numerous hydrogeologic investigations have been performed in the vicinity of the quarry

to chiracterize the uppermost gronndwater and refine the understanding of groundwater flow and
contaminant migration. An extensive monitoring well network (Figure 8-5), primarily utilized to

DOEMOR21E48-587, Aev. 2 (Final) 3-8 . 022438 -
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FEMELHAL INVESTIGATION FOR THE QUARRY RESIDUALS QPERAHLE LJNJ:T'. WELDON SPRING SITE, WELDDN SPRING, MO

monitor groundwater quality,. is present at the quarry. A detailed discussion of the monitoring
network is presented in Appendix G and a list of monitoring wells is provided in Table-G-1 of
Appendix G. Additional piezometers were installed and later abandoned by the U.S. Geological
Survey (USGS) in an investigation of the groundwater sysiem in the quarry and well field areas.
A summary of previons investigations is-provided in Table G-2 of Appendix G.

8.3 Remedial Investigations

Hydrogeologic investigations were performed to chiaracterize the physical factors affechng
the distribution, fate, and transport of comtaminaats in the vicinity of the quarry. The testing
locations and monitoring wells in the area immediatety around the quarry are shown in Figure 8-6.
A summary of the hydrogeologic characterization tasks is presented in Table G-3 of Appendix G.

£.3.1 Potentiometric Surfaces and Divection of Gronndwater Flow

During this remedial investigation, water levels were measured in a total of 87 altuvial and
bedrock monitoring wells and piezometers to determine the distribution of hydraulic head in the
underlying aquifer. The typical depth to water ranges from L0 ft to 15 ft in the well field and 75
ft to 100 ft along the quarky rim. The large difference in depth to water is in part a reflection of

the land surface elevation which is approximately 100 feet higher along the quarry rim. '

Several general observations can be made about groundwater levels which are independent
of the temporal conditions: .

+ . Groundwater levels measured in the bedrock along the southern rim of the quarry are
‘consistently higher than levels measured in the alluvium,

= Groundwater levels in the altuvium notth of the Femme Osage Slough are higher than-
those measured in the alluvium south of the slongh.

"« Groundwater levels in the bedrock of the quarry rim are consistently higher in the
eastern portion compared to those in the western portion.

The potentiometric surface maps reflect three hydrologic conditions (Figures 8-7 through
8-9): (1) normial or typical water Jevels, (2} low water (drought}, and (3) high water {flood). The

maps illustrate the fact that the most significant response of the system to each condition is -

fluctuation in groundwater levels; however, flow direction generally is not influenced by seasonal
variations. Groundwater flow direction is consistently south to southeast from the bedrock into
the alluvium. Groundwater flow is to the west and south from the northeast comer of the quarry. :
South of the slough, the direction of groundwater flow has an increasing eastward component,

likely due to the influence of the Missouri River and/or pumping in the St. Charles Cnunt},f well
field.

DOE/OR/2 1548-687, Rev. 2 {Final) 8-10 o 022498
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REMEDIAL INVESTIGATICN FOR THE QUARRY RESIDUALS OPERABLE UMIT: WELRON SPRING SITE, WELDON SPRING, MO

The map for February 1996 illustrates the typical potentiometric surface for the shallow
aquifer .in the vicinity of the quarry (Figure 8-7). Data from this month were selected because
groundwater levels are within typical ranges for the area, and additional static water level data are
available from a USGS study (Ref. 46). Dewatering during hulk waste removal has depressed the
groundwater surface around the quarry pend. A steep hydraulic gradient oecurs in the bedrock
while the gradient in the alluvium is gradual. Groundwater mounds are evident around two
piezometers ($-7 and 8-11) south of the slough and coincide with a thick sequence of blue clay
observed during installation of these piezometers (Reéf. 46). The clay is similar to materials
observed near the Little Femme Osage Creek and may be a relic of a former wributary creek in the
floodplain. These clays may allow for localized perched or confining conditions in this area (Ref.
46). : :

Data from October 1988 have been nsed to illustrate the potentiometric surface in the
shallow aguifer during low water level conditions (Figure 8-8). The configuration of the.
potentiometric surface during this period is similar to that of typical conditions, even with
significantly lower water levels, indicating the gronndwater flow direction is unchanged.

Data from April 1995 were used to represent high water level conditions (Figure 8-9).
These measurements were obtained one month before the Missouri River flooded the area. The
potentiometric surface is similar to typical groundwater conditions; however, the gradient within
the bedrock is steeper in the eastern part of the quarry. Effects of dewatering are alse evident as
shown by the depression in the groundwater surface. The influence of high stage of the Missouri
River and pumping in the well field can be seen in the water levels of piezometers adjacent to the
river (8-16, S-22, and 5-23). These conditions result in a reversal of the gradient. The reversal
is also present, but to a lesser degree, during typical conditions. The gradient in the alluvium is
relatively flat, and groundwater mounding is evident around piezometers S-7 and S-11, as
discussed above, '

Hydrographs of well clusters in the vicinity of the quarry were used to determine the
vertical head distribution between and within the bedrock and athuvium and were constructed from
data obtained from 1987 through 1996 (Figures 8-10 through 8-14). North of the siough, the
hydranlic head within the alluvium generally decreases with depth, indicating dewnward
movement of groundwater. Within the alluvium south of the slough, the hydranlic head alse
decreases with depth. Closer to the river, the hydraulic head within the alluvium is uniform or
increases with depth, indicating the vertical component of movement is negligible, and the
horizontal flow component is predominant.
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In the bedrock north of the slough, the hydraulic head in the Decorah Group is less than,
or equal to, that in the overlying alluvium. This indicates that these units likely act as one .
hydrologic unit due to weathering and fracturing of the bedrock, and that downward movement
occurs in this localized area. The hydraulic bead in the Plaitin Limestone is higher than in the
overlying alluvium indicating discharge from the bedrock into the alluvium. South of the slough,
the head distribution is difficult (o assess due to the slow stabilization of water levels jn bedrock
piezometers, although it is believed that the Plattin Limestone discharges groundwater upward to
the alluvium.

. 8.3.2 Interaction of Groundwater and Surface Water at the Femme Osage Slough -
A comparison of typical static water levels in wells adjacent to the slough and the surface

water ¢levation of the slough indicates that at most locations, the slough is a source of recharge -
to the alluvial aquifer (Figure 8-15) (i.e., slough levels are higher than groundwater levels}.
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However, groundwater discharge to thé slough occurs in some locations as shown by the
hydrograph of wells MW-1006 and MW-1016, piezometer WSQ-84, and staff gage $G-3.
Hydrographs for these wells and the slough indicate that the groundwater levels are higher than
the surface water levels in this area during nerral conditions.

8.3.3 Hydranlic Properties

The hydraulic conductivity, transmissivity, and specific yield of the alluvium and bedrock
units have been measured by constant-head packer tests, slug tests, and constant rate discharge and
recovery tests. The procedures for deterinining these aquifer properties are described in Appendix
G. ' .

8.3.3.1 Bedrock. Packer tests were performed during the drilling of angled borings
and recently installed monitoring wells to deiermine the range of hydraulic conductivity for the
bedrock units. The range of values and median hydravlic conductivity for each bedrock unit are
summarized in Table 8-1. Hydraulic conductivity values are sumamarized fot each tested interval
in Appendix G (Table G-4). Test results are also presented in Appendix G.

TABLE 8-1 Hydraulic Conductivity Ranges from Packer Tests in the Bedrock Umts at

the Quarry
HYDRAULIC CONDULTIVITY (em/s)
UNIT MAXIMLUM MINIMUM MEDIAN
Kimmswick Limestong 2.1 x 107 2.0 % 10* 1.2 x 1072
Decorah Group 5.1 x 10* 6.5 x 107 3.6 107
Plattin Limestone 4.6 %107 5.5 x10% = 1.6 % 10°
- Joachim Dolnmite. 6.7 x 10°% 1.4 x 10° . 2.9 » 107

The test results indicate that h}rdrau]ib conductivity is consistently higher in the Kimmswick
Limestone than the other units and is associated with open fractures. Many of the fractures exhibit
evidence of groundwater movement. Hydraulic conductivity in the Decerah Group, Plattin
Limestone, and Jnachim.[}ulumjte is variable within each unit and is 2 function of fracture depsity
and aperture. Numerous tight fractures, which had little water intake, were observed during coring
and testing of the Decorah Group, Plattin Limesione, and Joachim Formation.

DOEOR/21 548-5687, Rev. Z {Final) 522 N22498
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Slug tests were also performed on bedrock wells,' and the results, which are presented in
Tables G-5 and G-6 of Appendix G, are generally within the ranges obtained from the packer -
tests. Howaver, hydraulic conductivity values obtained from slug tests. at monitoring wells .
MW-1013 (Pecorah Group) and MW-1031 (Plattin Limestone) were higher than the ranges for
those strata established from the packer tests. At these locations, the Decorah Group and Plattin -
Limestone are the uppermost bedrock units, and weathering has most likely increased the
hydraunlic CDHdl.lCthlt}?

8.3.3.2 Allgvium. Slug tests were performed in the alluvial wells to determine the -
areal and vertical distribution of hydraulic conductivity. Results presented on Figure 8-16, show: .

. Hydraulic conductivity ranges from 10 em/s to 107 emv/s in the altuvivm south of
the slough. :

’ Hydrautic conductivity is more variable north.of the stough, ranging from 10° cov/s
to 107 cmy's. '

. _Hydréulic conductivity generally increases with depth (up to one order of
magnitude}.

. The hydraulic conductivity of the shallow alluvim along thc_ Litile Femme Gsagc_
Creek ranges from 10%cm/s to 107 cm/s and generally increases with distance from’

the quarry.

Hydraulic conductivity in the alluvium is variable and shows a direct correlation to grain.
size. Variability in hydraulic conductivity is related to complex depﬂsmonal patterns resulting
from streams and rivers that have meandered across the floodplain. Areas of flnc-gra,med
material, such as overbank or flood deposits, generally exhibit lower hydraulic conductivities than -
coarse-grained point bar or channel deposits. Typically, grain size and hydraulic conductivity
increase with depth in the alluvinm.

Agquifer testing in the allavium north of the slough was performed to further define aquifer
properties. Step drawdown/recovery tests were performed on six wells (MW-1006 through
MW-1009, MW-1014, and MW-1016) and a 6-hour constant-rate discharge and recovery test wis
performed on MW-1016. Yields greater than .5 -gallons per minute {gpm) could not be
‘mainfained in monitoring wells MW-1006 through MW-1009; therefore, aquifer properties were
not determined at these locations. '

DOE/OR/Z1648-557, Rev. 2 {Final) 823 022498
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REMEDIAL INVESTIGATICHN FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SiTE, WELDON SPRING, MO

The results of tests at MW-1014 and MW-1016 are summarized in Table 8-2. While
testing the alluvium at MW-1016, a decrease in the static water level was noted in an adjacent well
(MW-1015) which is scréened in the Decorah Group, This response demonstrates hydrauiic
connection between the materials at the base of the alluvium and the underlying bedrock system.

Constant rate discharge tests were also performed by Layne Western in 1985 (Ref. 54) and
Bechtel in 1986 (Ref. 55) I the alluvial aquifer south of the slough (in the well field), and the
results are included in Table 8-2, Layne Wesiern performed pnmping tests to evaluate the
hydrautic properties of the coarse-grained deposits in the lower portion of the alluvial aquifer. The
testing by Bechtel was performed to evaluate the hydranlic characteristics of the alluvium directly -
south of the slough, - ' '

TABLE 8-2 Hydraulic Properties of the Alluvium

WELL HYDRAULIC CONDUCTIVITY {em/s} " TRANSMISSIVITY |gpd/t)
FUMPING _ ) F:iECﬂUERY . FUMPING - RECOVERY . SPECIFIC YIELD
W1 0 4 g4 %1407 7.5 %10° ggg_ - 8O0 - U
MY TG 4.2 %107 3.2x%10° 4440 _ ’ © 340 - M
well Field™ 2oxi0 _ 8,000 - 465,000 0.2 -0.35 .
Well Field® B.2x10° . 6957 ' 0,008
Mote [a) Langth of testing was insufficient for detenmination of spacific yield
14]] Source: Ref, 54
[(=3] Source: Ref, BB

8.3.4 Fracture Flow

Groundwater movement in limestone in the vicinity of the guarry occues primarily within
fractures and aleng bedding planes. This movement has resulted in solution enlargement of these
features in the Kimmswick Limestone.

The orientations of fractures, solution features, and bedding planes provide information
on the principal directions of groundwater flow. Fracmres obsgerved in the Kimmswick Limestone:
at the quarry walls are both herizontal (bedding plane) and ve_rﬁcal to near vertical. Vertical
fracture apertures become fighter with depth, especially at the contact with the underlying Decorah
Groop. Intersections of vertical fracmres with bedding planes generally show enlargement dug
to solution activity. '
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§.3.4.1 Fracture Mapping. Fracture mapping and lineament analysis of aerial
photographs were performed on the exposed walls of the quarry and bluffs prior to bulk waste
removal. Additional fracture maps of the quarry walls were prepared after the bulk waste was
removed to determine vertical fracture trends and potential preferential flow zones in the lower
portion of the Kimmswick Limestone and in the Decorah Group.

A total of 85 vertical tractures, fracture zones, and solution features were evaluated during
mapping along the inner quarry walls and the bluffs adjacent to the Katy Trail. The locations and
directions of fractures mapped in the quarry area are shown on Figure 8-17. A summary of the
bearing, aperture, and other pertinent information from this effort is provided in Appendix G,
Table G-7. A rose diagram (Figure 8-17) illustrates that the predominant joint set in the quarry
area is oriented between N30°W o N60°W. These joints are nearly vertical and have an average
spacing of 50 ft. Two secondary vertical joint sets are also present, with orientations ranging from
N60°E to N70°E and N60°W to N70°W. Most of these joints were measured in the Kimmswick
Limestone, but traces into the Decorah Group could be observed inside the quarry.

Open fractures were observed on the walls and the quarry floor in the Kimmswick
Limestone. Fracture apertures, which are dependent on the amount of weathering, range from less
than 0.2 fito 4 ft. Clay and silt filling was observed in many vertical fractures both inside and
outside the quarry. Fracture surfaces in the Kimmswick Limestone were typically etched,
indicating groundwater movement. Fracture traces observed in the Decorah Group on the quarry
floor were tight and showed little evidence of water movement. '

- Numerous fractures were observed along bedding planies in both the Kimmswick 1.imestone .
and the Decorah Group. Enlargement due to solution activity was observed along the base of the
upper quarry bench at intersections with vertical {ractures. Seepage was observed along the top
of a shale bed near the contact between the Kimmswick Limestone and the Decorah Group. This
seepage indicates that the horizontal component of flow is greater than the vertical componeiit near
the contact of these two bedrock units.

During lincament mapping, fracture zones were found to correspond with drainage patterns
in the bluffs. These zones likely represent areas of preferential weathering of the Kimmswick
Limestone, Large solution features {caves) were observed in the bluff along the Katy Trail. Large
zones of core loss and bit drops, which are typically associated with solution featurés, were
encountered during drilling along the south rim of the quarry.

8.34.2 Rock Core Fracture Analysis. Three angled borings were advanced at 30°
from vertical to assess fracturing in the Kimmswick Limestone, the Decorah Group, and the
Plattin Limestone (Figure §-6}. The Joachim Dolomite is not discnssed here because it was only
slightly penetrated by the angled berings. Fracture aperture, frequency, and orientation were
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gvalated to determine possible preferential pathways in the bedrock. Rock cores obtained from
the angled borings were used in the assessment to alleviate the difficulty of distinguishing
horizontal bedding plane fractures from mechanical breaks caused by vertical drilling. Mechanical
breaks usuaily occur perpendicular o the direction of drilling.

Overall, few vertical or near-vertical fractures were encountered in the angled borings.
Most fractures were near horizontal bedding-plane fractures. Fracture data for each angled boring
are sumpnarized in Table 8-3. '

TABLE 8-3 Angled Boring Fracture Data

. AV }
FORMATION Larn | FRAGTORES NUMBER OF FRACTURES - e AT
[ e VERTICAL | HORIZONTAL .
Angled Boring AH-1001
Plattin Limastone | 1206 | 1.7 | 3 | 204 | 68 10 1
Angled Barlng AH-1002
Kimmswick Limestone 3.8 3.0 1 26 9610 1
Decoreh Group 32.2 1.2 1 28 38 101
Flattin Limestona 13320 0.5 1 110 ) Mota 1
Angled Boring AH-1003
Deeorah Group 17.0 ar 1 63 ) 53 to 1
Plattin Limestone 128.0 1.1 7 166 2210 1.
(a1 Length of bedrock cared at an angle of 307 from vertical, Doss not nclude void space or owarburden drilling'.-
[t Average frectures par foot of bedrock corad.

Results from angled borings indicate that the greatest number of fractures cceur in the
Kimmswick Limestone, which had an average frequency of three fractures per ft. The Decotrah
Group has an average of 2.1 fractures per fi based on the data from angled borings AH-1002 and
AH-1003. The average frequency for the Plattin Limestone was 1.2 fractures per ft in the three
angled borings. :

The horizonial to vertical fracture ratio for a given formation varied significantly between
angled borings. Averaged ratios for each formation are as follows:

»  Kimmswick Litnestone _ 68 10 1
= Decorah Gronp _ 51w
«  Plattin Limestona 42101
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The low average horizontal 1o vertical ratio in the Plattin Limestone is greatly infiuenced
by the number of near-vertical fractures encountered in AH-1003. Most of the fractures were tight
or healed with secondary mineralization. Also, the lower frequency of horizontal fractures in the
Plaitin Limestone tends to reduce the horizontal to vertical fracture ratio. ' '

Analysis of fracture frequencies and horizontal to vertical ratios indicates that the potential |
for groundwater movement in these uiiits is greater in the horizontal direction. Vertical movernent
through the Decorah Group and the Plattin Eimestone is limited by the low number of near vertical
fractures, as observed during coring. Lateral flow is greater in the Kimmswick Limestone and -
the Decorah Group than in the Plattin Limestone due to the greater frequency of horizontal
fractures.

8.3.4.3 Rock Quality Designation Analysis. The Rock Quality Designations
(RQD)} for the bedrock units in the guarty area were evaluated to assess potential groundwater
movement. RQD is the cunmlative fength of solid pieces of rock core 4 in. or longer in a core
run, divided by the total length of the core run, and expressed as a percentage. The average RQD
values were determined from the three angled borings and seven additional vertical borings -
throughout the quarry area. The average RQD values for each formation are:

« Kimmswick Limestore . 45%
» Decorah Group 1%
+ Plattin Limestone : A%

-The Kimmswick Limestone exhibited the lowest RQD) values, which are associsted with
the weathered nature of this rock unit. This formation is often the uppermost bedrock encountered
in the boring, thus tending to be the most weathered. Advanced dissolution of the medinm- to

‘goarsely-crystalline limestone is also a factor contributing to low RQD values. Several bm‘eholes
encountered large voids in the Kimmswick L]II.’]E:StDI]E

In the boreholes analyzed, the RQD values indicate that the rock quality of the Decorah
Group is much better than that of the Kimmswick Limestone. This higher RQD is the result of
protection from direct weathering by the overlying Kimmswick Limestone. 1In those borings
where the Decorah Group was the first encountered bedrock unit, the RQD values are similar to
those measured in the Kimunswick Limestone, indicating that the Decorah Group is highly
weathered in these areas (south of the quarry). : ' '

The Plattin Limestone exhibits the highest RQD values of the three formations. Even '
where the Plattin Limestonie was the first encountered bedrock unit (south of the slough), the
average RQD value was 83% (AH-1001).
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Increased fracture frequencies and low RQD values correlate with increased rock.
weathering and solutioning, particularly in the Kimmswick Limestone. This formation Exhi_hits
zones of intense solution activity which likely results in preferential groundwater movement where
the formation is saturated. In the Decorah Group, bedding plane fractures dominate and.often .
occur along shaley partings and inferbeds which results in more horizontal movement than vertical
movement. The Plattin Limestone exhibits the fewest fractures and the highest RQL values. The -
very fine-grained composition of the Plattin Limestone and its depth below the surface contribute
tr this characteristic.

B.4  Groundwater Flow Volun_]e

A flow pet was constructed from the February 1996 potentiometric surface map and is
shown in Figure 8-18. The flow net was used to approximate: (1) the volume of flow that -
discharges from the bedrock into the alluvial aguifer, and (2} the volume of flow in the alluvial .
aguifer in the vicinity of the Femme Osage Slough. The volumes wete calculated using Darcy's
law (Ref. 81): '

— (muwedvwaber Henrtion IPab 1608
—&  Mioundvass Fawcdne

nn =] a 268 HETERE

FIGURE B8-18 Flow Net for the Quarry Area - February 1998
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Q = KAl

where: Q = flow volume (L4/'T)
K = hydraulic conductivity (L/T)
A = cross sectional area {L%)
I = hydraulic gradient or change in hydraulic head per langth of flow or
distance (dimensionless)

Darcy's law can be rewritten as:
Q = KbIW

where: b = aquifer thickness
W= width of aguifer section

To estimate the volume of flow discharging from the bedrock system to the alluvial aquifer
beneath and north of the Fernme Osage Slough, it was assurmed that the contributing units include
the bottom 5 ft of the Kimmswick Limestone, the full thickness of the Decorah Group:(34 ft), and
_ the top 20 ft of the Plattin Limestore. This portion of the bedrock system subcrops beneath the.
alluvium in this area as shown in Figures 8-2 and 8-3 and the conceptual model (Figure 8-19).
The hydraulic conductivities used in the calculation were obtained from Table 8-2. An average
hydraulic gradient of 15 ft (head loss) per 300 fi {distance) is evident on Figure 3-18 in the area
between the 460 fi and 475 ft contour intervals. An 1,860 fit section of the aquifer benv&ﬂn the
flow lines (Figure 8-18) was alsc used in the calculation.

To estimate bedrock discharge from the Kimmswick Limestone (K), Decorah Gmup (D,
and Piattin Lirnestone {I*), the eguation becomes:

Q={Kcxbg + (Kpxbp) + Kexbp)] xIxW

where: Ke= 1.15x 10%cmis or 2.4 x 10' gal/day/sq ft.
b = 5 ft.
Kp= 3.64x 107cm/sor 7.7 x 107" galiday/sq ft.
by = 341t
K,= 1.45x 10%cm/s or 3.1 x 10" galiday/sq it.
b= 20 ft. '
[ = 157300 ft.
W = 1,860t
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The results of the calcufation show that the approximate discharge from the upper pertion
of the bedrock system in the section shown on Figure 8-18 is approximately 14,000 gal/day.

A similar calculation was made to determine the flow volume in the alluvial sysiem near
and immediately south of the slough. A median hydraulic conductivity of 6 x 10° em/s (1.3 x 10!
gal/day/sq fty and an average saturated thickness of 35 ft were assumed for the calculation based
on data presented in Section 8.3.3.2 and on Figures 8-2, 8-3, and 8-16. An average hydraulic
gradient of 5 ft (head loss) per 300 ft (distance) is evident in Figure 8-18 in the area between the
445 ft and 450 ft contour intervals. A 1,860 ft section of the aguifer between the flow lines shown
in Figure 8-18 was also used in the calculation. '

To estimate the volume of flow in the alluvial system jn the vicinity of the Fermme Osage
Slough, the equation is:

Q = KbIW

The results of the calculation show that the approximate flow volume in the alluvial aguifer
near and immediately south of the siough is 15,000 gal/day, which is slightly higher than the
calculated bedrock discharge. The increase in flow in the alluvial aquifer is attributed to leakage
from the slough.

Table 8-2 shows that the transmissivity of the alluvial aquifer increases by several orders
of magnitude o the south and east of the Femme Osage Slough in the area of the St. Charles
County well field and the Missouri River. Correspondingly, the volume of flow in the alluvial
aquifer increases in this direction. '

8.5 Hydrogeclogic Conceptual Model

The conceptual model of the shallow aguifer system inmrpnré.tes various geologic and
hydrologic components controlling groundwater movement. Geologic factors include lithology
and grain size variation, stratigraphic relationships, fracturing, weathering, and solutioning.
Hydrologic factors include aquifer recharge, the distribution of hydraulic conductivity, the
hydraulic gradient, aquifer discharge inchuding groundwater withdrawal, and groundwater/surface
water interaction. Figure 8-19 illustrates aspects of the hydrogeclogic conceptual model.

The aquifer system in the quarry area is comprised of two media: limestone bedrock and
alluvium. Recharge to the bedrock pertion of the aguifer system occurs as precipitation which
infiltrates through the soils and rock in the upland areas north of the quarry and direct precipitation '
and runoff into the quarry pond and exposed rock fractures. The alluvinm south of the quarry is
recharged by groundwater discharge from the limestone bedrock, direct precipitation, infiltration
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from streams {including the Missouri R.ive'r} and floods, . Induced infiltration from the MISSDHI'I
River supplies a latge percentage of the m:harge 10 the wel field snuth of the quarry.

Groundwaier flows south and seuttmast in: the limestone bedrock fmm the upland area to
the ailuvial floodplain. Because the bedrock discharges groundwater into the alluvium, these two
media act as a comtinuous flow system. Aquifer tests have further demonstrated a hydraulic
comnection. Migration in the coarse-grained alluvium is to the east towards the Missouri River
and the St. Charles County well field. ‘The aquifer system is unconfined, although semi-confining
conditions exist in the alluyium where fine-grained sediments which overlie coarser material in '
the floodplain are saturated. ' ' '

Geologic mapping and descriptions of rock core indicate that fractures in the Kimmswick
Limestone extend downward into the Decorah Group. This suggests that in the vicinity of the

quarry, the Kimmswick Limestone ardl Decorah Group are hydraulically connected. The results - -

of vertical coring indicate that the Plattin Limestone is massive with very little vertical or -
hovizontal fracturing in the vicinity of the quarry. Water levels within the Plattin Limestone do
not appear to correlate with measurements in the Kimmswick Limestone or the Decorah Group,
suggesting the Plattin Limestone is a separate hydrostratigraphic unit in the quarry area.

Groundwater movement in the limestone units in the quarry area is predominantly
controtled by the distribution of interconnected fractures. Preferential flow occurs along vertical
fractures and horizontal bedding planes. Most of these features occur in the Kimmswick -
Limestone. Where the vertical fractures intersect bedding planes, the fractures are L’}‘plca]l}f
enlarged by dissolution.

Groundwater moverment in the alluvium is primarily dependent upon the grain size
distribution of the sediments. Lower hydraulic conductivities are associated with fine-grained -
overbark deposits north of the slough. Higher hydraulic conductivities, transmissivities, and well
yields are associated with channel deposits including coarse sand, gravel, and cobbles in the
aliuvinm south of the Femme Osage Slough. '

Water level measurements in nested wells indicate slight differences in hydraulic head.
In the alluvial aquifer north and immediately scuth of the slough, the hydraukic head decreases
with depth indicating downward movement of groundwater. In'the same area, the hydraulic head
inn the underlying bedrock units {Decorah Group and Plattin Limestone) is typically higher than,
or equal to, the head in the overlying alluvium, indicating upward flow (discharge) from the
bedrock. These two flows likely converge in mar&eu_graihcd materials at the base of the alluyium
and flow laterally toward the Missouri River. South of the slough, water levels in wells screened -
in the fine-grained sediments are lower than those screened in coarse-grained sediments at the base |
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of the alluvizm. In this area, the hydriulic head increases with depth indicating regional discharge
to the allovium. :

Interaction occurs between the Femme Osage Slough and the alluvial aquifer. Typically,
the hydraulic head in the siough is higher than in the adjacent alluvium indicating leakage from
the slough to groundwater. At some locations, the hydraulic bead in the adjacent alluvium is
higher indicating groundwater discharge into the siough.
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9 GROUNDWATER QUALITY INVESTIGATIONS

This section describes the nature and extent of groundwater contamination in the vicinity
of the Weldon Spring Quarry. Site-related groundwater contaminants are identified, and processes
that contro} contaminant d1stnbut10n are examined.

9.1 Previous Investigations

Groundwater quality data have been collected at the quarry since 1960 to define the natue,
extent, and magnitude of radiochemical and chemical contamination. The investigations have been
performed by former Government contractors, the Weldon Spring Site Remedial Action Project
(WSSRAP), and several government agencies. Prior to 1987, periodic monitoring programs and
special siudies were undertaken. In 1987, the WSSRAP established a comprehensive groundwater '
monitoring program. Summaries of previous and past WSSRAP groundwater monitoring programs
are provided n envirenmental monitoring plans and. site environmental reports, which are
published anmually. Table H-1 in Appendix H provides a list of previous studies that relate to and
support the remedial investigation.

9.1.1 Early Data (1976 - 1986}

Initial groundwater monitoring at the quarry was limited to radiological parameters. In
1976, the list of analytes was expanded to include nitrate and chloride. The early data indicated
that groundwater in the bedrock surrounding the quarry was contaminated with uranium, and the
highest levels were in the sontheast area of the quarry. From 1979.10 1980, a study of samplas
from the TW-series and OB-series wells was conducted to evaluate the feasibility of utilizing
specific ions as tracers of groundwater movement and to determine soil sorption properties. Only.
sulfate was found o correlate with the elevated uranium levels in groundwater (Ref. 30). A
summary of Uranium concentzations in groundwater from 1976 - 1986 is presented in Appendix
H, Table H-2. :

9.1.2 Post-1986 Data

When the WSSRAP began routine groundwater monitoring in 1987, the list of analytes was.
further expanded to include mitroaromatics (1,3,6-TNB; 1,3-DNB; 2,4,6-TNT; 2.4-DNT; 2.6-
DNT; and nitrobenzene) and all major inorganic anions. The Phase I Water Quality Asscssment
(Ref. 74), performed in 1987, showed that Contract Laboratory Program (CLFP) metals, pesticides,
polychlorinated biphenyls (PCBs), and semivolatiles were not above-background and/or at
detectable levels in groundwater. However, elevated levels of nitroaromatics, nitrate, sulfate, and
chloride were found in wells downgradient from the quarry.
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9.1.3 Growmdwater Monitoring System

The groundwater monitoring system for the quarry area is shown on Figure 9-1. It consists
of 45 U.S. Department of Energy (DOE) monitoring wells and four monitoring wells owned by
St. Charles County. Of these wells, 19 monitor groundwater in the bedrock system (Kimmswick
Limestone, Decorah Group, or Plattin Limestone}. The remaining DOE wells and all county-
owned monitoring and production wells are screened in the alluvium. Background wells for the
bedrock system are located upgradient of the quarry. Im 1992, eight monitoring wells were
installed by the U.S. Geological Survey (USGS) in the Darst Bottom area, approximately 1 mi
southwest of the St. Charles County well field, to establish background water quality for the
alluvial aquifer. : '

The groundwater monitoring program for the quarry area was developed to track
contaminant levels, address public concerns, and meet regulatory guidelings, The monitoring
program is reviewed annually and revised periodically to respond to changes in conditions at the
quarry. A major change in sampling methodelogy was implemented on January 1, 1993. Prier
to that date, all groundwater samples were routinely collected through a 0.45 micron filter. . Since
then, samples have been collected unfiltered, in compliance with 1.5, Environmental Protection
Agency (EPA) guidance for groundwater monitoring (Ref. 15). Additional filtered samples are
collected periodicaily for metals analyses. Studies at both the chemical plant site and the quarry
have shown that the only parameters affected by filtration are a few metals (primarily alumimun,
iron, and manganese) which are present in naturally occurring fine sediments and colloids. A more
detailed discussion of this topic is in Appendix H. A comparison of filtered and unfiliered samples
is presented in Appendix H, Table H-3.

9.2  Quarry Residuals Investigations

The quarry residuals groundwater investigations were performed in two phases, Phase I
characterized the nature, extent, and magnitude of chernical and radicactive contamination in the
Kimmswick Limestone, the Decorah Group, the Plattin Limestone, and the alluvium north and
south of the Femnme Qsage Slough. These studies are listed in Appendix H (Table H-4).
Background locations were also sampled during Phase I to characterize the gquality of groundwater
not impacted by the quarry. Where possible, sampling activities were conducted in conjunction -
with WSSRAP hydrogeological investigations. In a supplementary investigation, three phases of
in situ groundwater 'sampling were performed to refine characterization of contaminant
distributions in the alluviai aquifer {Ref. 57).

During Phase 11, the analyte list was expanded to include carcinogenic polyouclear aromatic
hydrocarbons (PAHs) and PCBs for monitoring wells that were adjacent to the quarry and had not

DOER/21548-687, Aov. 2 (Final) . 9-2 _ 022498




£9S-8FS L ZHOA0A

) g||apa Alunosy seleys 15 pue ‘30 ‘punolByorg JO SUONROOT

L6 JHNOI

AUATITE W

S1TEM GNNOUENDTE [u e *
S11IM O3 STWYHI LS (O ﬂ:ﬂupﬁuﬁ -

SAPRLT)

.EKW T sTEAm AmnOd .

SITHVYHDI 1S OGNV ANNOYHDNIVYE

forore

THILIN DR

\+\. AHMYT
20004 DNMES NOOTEIM e N
+

G T N e T
= g

9-3




REMEDIAL INVESTIGATION FOR THE QGUARRY FEEBI‘IDU.I.B.LS OPERABLE UMIT; WELDOM SPRING SITE, WELDOMN SPRING, MO

been screened for these parameters since 1990. Geochenical parameters were added to the analyte
list for wells that had not been sampled for these parameters during Phase 1. In addition,
nitroaromatic compounds and their degradation products were monitored in selected wells to
evaluate contaminant transport across the area of the Fenune Osage Slough.,

The chemical and radiological parameters selected for analysis during Phases I and I were
based on results from previous investigations and routine groundwater monitoring. Geochemical
and field parameters, such as pH, conductivity, and Eh, were also analyzed to assess contaminant
moebility. These analytical parameters are listed in Appendix H, Table H-5. '

9.3  Physical and Chemical Controls on Contaminant Migration

Over the 40 years during which the Weldon Spring Quarry was used as a waste disposal
site, infiltrating groundwater, rainwater, and surface water mebilized contaminants from the
wastes and carried them downward into the limestone bedrock, Contaminated groundwater
generally migrated to the south in the bedrock arnd into the alluvial aquifer. The primary
groundwater cogtaminants with sources in the quarry wastes are uranium and nitroaromatic
compounds. Barium and sulfate have also been leached from the wastes and are present at
elevated levels in groundwater. :

Four factors have dominated migration of contaminanis in the quarry groundwater system:

+ The location and chemical attributes of the quarry wastes.

+ The hydrologic properties of the saturated bedrock and alluvium,
» The geochemical characteristics of the contaminants and aquifer.
= MNamral attenuation processes.

93,1 Location and Chemical Attributes of Quarry Wastes

Nitroaromatic- and uranium-bearing wastes were generally located in separate sectors of
the quatry, as shown in Figure 9-2. This placement gave rise t0 two discrete nitroaromatic
plumes, one originating from the northeast end of the quarry and the other from the west side of
the quarry. The uranium-suifaie plume originated in the central area of the quarry and forms a
continuous band along the southern margin of the quarry, Slightly elevated uranium concentrations
~have been measured at isolated locations east and south of this plume. Because the relationship of
these oceurrences to the main plume is not well defined, dashed lines with question marks have
been used on Figure 9-2 to indicate possible extensions of the plume. The uraniurd-sulfate plume
-overlaps the southern margins of the nitroaromatic plumes; thus, some wells show elevated levels
of both groups of contatninants,
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FIGURE 9-2 Schematic Presentation of Quarry Waste Locations and Resulting
Groundwater Plumes

5.3.2 Hydrologic Controls on Contaminant Distribuiion

Advection and dispersion are the primary hydrologic processes controlling the rate and
direction of contaminant migration. Hydrologic controls are further discussed in Section § and
are discussed in relation to the chemical nature of the system in Section 10,

9.3.3 Geochemical Characteristics of Contaminants and the Aquifer

The geochemical characteristics of the contaminants and the aquifers also affect the nature
and extent of contamination. Only contarninanis that are readily leached from the wastes by
infiltrating rain, surface water, or groundwater enter the groundwater system. Some insoluble
contaminants, such as radium and thorium, that were heavily mncentrated in the bulk wastes,
rarely have been detected in monitoring wells.

In the quarry area, the major element chemistry of the bedrock and alluvial aquifers
groundwater is dommatcd by calcinm and hmarbenate jons. This is illustrated wrr.h a Plpr:r
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diagram (Figure 9-3), which shows all lecations clﬁétering in the calcium-bicarbonate region. -
Althongh all groundwater within the quarry area is of the same general type (calcium-bicarbonate),
the concentrations of minor and trace constituents vary considerably, These. variations are due
primarity to the oxidation potential of the aquifer.

In the altuvial aquifer, the matural causes of chemical variability are the oxidation potential
of the aquifer, the organic content of the aquifer, and the degree of hydraulic connection with the
Missouri River and/or the calcium carbonate bedrock aquifers. The oxidation potential is shown
on Figure 9-4, which maps Eh isopleths for the alluvial aquifer. Areas with negative Eh values
are at lower (i.e., more reducing) oxidation potentizls than areas with positive values.

Oxidation-reduction reactions are important processes for soils that are periodically
inundated with rain or flood water (Refs. 67 and 68}, such as the soils in the floodplain of the
Missouri River. Under favorable conditions, which inclade near nentral pH, avaitable organic
material, and temperatures suitable for microbial activity, water-saturated soils become oxygen-
depleted within a few millimeters of the water-air interface. Within a few days of inundation,
free oxygen is consumed, and reduction of other compounds (e.g., manganese and iron
oxides/hydroxides, sulfate, and other oxidized compounds) begins {Ref. 67). These conditions
pccur in the satmrated alluvial soils south of the stough and in the Darst Bottoms, where Eh values
range from -10 to -229 mV. In this area, iron and manganese, which are released o gruundwﬁt::r :
as soil reduction proceeds, are present at high concentrations in the groundwater.

Although saturated soils and conditions favorable for reduction reactions are also present
north of the slough, oxidation potentials in this area are high {Eh values 0 to 277 mV) relative to
the area south of the slough. Exceptions to this observation. occur at two monitoring wells .
MW-1007 and MW-1009) that are locaied near the north bank of the slough in tight clays.
Groundwater north of the slough exhibits high sulfate and low iron and manganese levels. The
latter elements are sequestered in insoluble oxides and hydroxides. Elevated levels of iron and
manganese, which that have been measured in some groundwate.r samples from this area,
attributed to inclusion of Fe-Mn colloidal material.

The absence of reducing conditions in the saturated, organic-rich alluvium north of the -
slough may have an anthropogenic origin. Oxidation of the soils in (his area may result from
mining of the quarry, which opened additional pathways for oxidized water to directly infiltrate
the aguifer. In addition, migration of soluble oxidized species (i.e., sulfate and nitroaromatic
compounds) from quarry wastes also may have supplied oxygen to the aquifer. Near the Femme
Osage Slough, oxidized conditions abruptly give way to reducing condittons, defining a reduction
front along the low-lying, pooriy drained area adjacent to the slough. '
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Groundwater chemistry in the shallow bedrock hquifer is controlled by exidation potential
and residence time in the aquifer. Equilibrium with the calcium carbonate host rocks, which is
a function of residence time and the degree of mixing with surface water, strongly influences the
groundwater chemistry, especially alkelinity, pH, and calcium content. Near the quarry, the
shallow bedrock aguifer is relatively oxidized, exhibiting high sulfate and Jow iron and manganese
levels. Bedrock groundwater also displays positive Eh values, with the Kimmswick Limestone and -
Decorah Group being more oxidized (median Eh value = 133 mV) than the underlying Plaitin
i.imestone (median Eh value = 38 mV). Rednced oxygen potentials are only observed at deeper
levels in the Plattin Limestone. . In comparison to the alluvial aguifer, organic material and
microbial organisms are not abundant in the shallow bedrock aguifer, thus reduction reactions
occur very slowly, ' '

0.3.4 Natural Attenvation Prucessés

Reactions along groundwater migration pathways influence the mobility of dissolved
contaminants. In the quarry aquifer system, contaminants are attenuated by one or more of the
following processes: sorption, biodegradation, and/or precipitation.

9.341 Sarption. Attermation of contaminants via sorption is a significant process
in fine-grained soils containing abundant organic material such as are present in the afluvial
aquifer. Sorption is simplistically described by a linear sorption isotherm if there is a linear
relationship between the amount of solute sorbed onto the solid and the concentration of the solute.
. In this case, the sclute is retarded in proportion to the distribution coefficient (Kd), which is the
slope of the line relating the concentration in liquid and solid phases. Linear sorption isotherms
are shown in Figure 9-5 for a range of Kd values. Kd values are typicaily dﬁvﬁiopéd from
experimental data and are specific to a given constituent in relation to a particular solid. Site-
specific experimental data provide the most reliable Kds. '

Higher Kd values indicate higher degrees of sorption; however, these reactions are limited
by the number of available sorption sites (i.¢., the sorption capacity .of solid materials). In the
case of uranium, which is expected to be soluble as an anionic carbonate complex (Ref. 61),
sorption sites are limited to Fe-Mn oxides and edges of clay minerals (Ref. 67). When all sites
are saturated (i.e., the sorption capacity is exhausted), contaminant concentrations are no longer
attenuated as groundwater moves through the aguifer. '
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FIGURE 9-5 Equilibrium Uranium Concentrations in Soil and Groundwater for a
Range of Kd Values

A summary of distribution coefficients that have been used for the quarry vicinity is
presented in Table 9-1. Site-specific distribution coefficients have not been determined for any
quarry aquifers. Berkeley Geosciences (Ref. 30) has presented sorption coefficients which were
derived from literature for rock and soil; however, the actual distribution coefficients were not
presented in the report. The. altuvial sorption coefficient of 3.6 translates to a distribution
coefficient of between 1 and 2. This value probably is unrealistically low for the alluvium, which
contains abundant organic matter (Ref. 58}, The U.S. Geological Survey (USGS) also determined
distribution coefficients for soils at the nearby Weidon Spring Chemical Plant (Ref.-32}. These
distribution coefficients are more likely representative of the upland soils blanketing the guarry
than of the alluvium. -
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TABLE 9-1 Uranium Sorpticn and Distribution Coefficiants

DISTRIBEUTION SORPTION :
MATERIAL COEFFICIENT [ml/g) COEFFICIENT* " REFERENCE
Fractured Limestone 0.024 1.1 {Ref. 30}
Alluwjum _ 1.1 3.6 { Ref. 30
Clay _ 6.9 36.4 {Ref. 30
Vicinity upland sails 10.7 - 437 ' - ' {Ref. 47}
* Sarption coeffictents {a) were derivad using the following equatiu;n (Ref. 30):
a = ¥d Pb/1-8
whera:
Pl = bulk density
B = porosity
Kd = distribution cosfficient
9.3.4.2 Biodegradation, Biological reactions can also reduce centaminant

concentrations in the groundwater. These reactions are particularly important for organic
cempounds, which are transformed to other species or mineralized to CQ,. Studies performed
on materials collected from the former Weldon Spring Ordnance Works have shown that under
favorable conditions, biclogical processes readily break down nitrcarematic compounds, which
ate the only organic contaminants detected in the groundwater at the quarry (Ref. 59)..
Biodegradation occurs primarily in the alluvial sediments, which_ are rich in organic material and
microbes.

9.3.4.3 Precipitation of Solid Phases. Removal of contaminants from groundwater
via precipitation of solid phases typically results from changes in geochemical conditions, which
cause one or more confaminants to exceed their solubility limit in water. .

Oxidation-reduction (redox) reactions control the solubility and mobility of major
contaminants (sulfate, arsenic, and uwraniom) in alluvial and bedrock aguifers adjacent to the. -
quarry. Like iron and manganese, arsenic is soluble under reducing conditions and precipitates -
with these metals under oxidizing conditions. In contrast, sulfate and uranium are sofuble under
oxulizing conditions and precipitate in solid phases under reducing conditions {Refs. 60 and 61).

9.4  Nature and Exient of Contamination

Analyvtical data from previous and recent investigations were evaluated to determine the
nature and extent of contamination in groundwater near the quarry. In addition, concentrations
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of constituents that cccur naturally in groundwater were also established from data collected for
these investigations. Quarry groundwater data collected from 1987 1o July 31, 1990, are
summarized in Table H-6 through H-8 of Appendix H.

9.4.1 Data Groups

Sumimary statistics are calculated for data groups, which are based on geographic location
and litholegic unit. Some groups encompass both contaminated and uncontaminated sarmple
locations. Subgroups are-examined if significant contamination is present:at a number of locations
within a group. Groundwater data groups are:

Alluvipm

« BEKG-A  Background

» NS-A  North of slough
» QP-A  Quarry proper
+ WF-A  Well field®™

Kimmswick Limestone/Decorah Groyps™

« BKG-KD» Background
« NS-KD  North of slough

= QP-KD  Quarry proper

« BRG-P Backgmunfl
« NS-P North of slough
+ WEP Wel field™

“0 The well field area is bounded by the Femme Osage Slough to the north and the Missouri River to the
south and east.
™ The Kimmswick Limestone and Decorah Group are nut present beneath and south of the Fernme Osage

Slongh as shown in Figures 3-2 and 8-3.
9.4.2 Background

Natural (background) groundwater chemistry in the alluvial and bedrock aquifers near the
quarry was determined at the upgradient sampling locations shown on Figure 9-1. These locations
were sampled for namrally occurring parameters, including inorganic amons, metals,
radionuclides, and miscellaneous geochemical parameters {Table H-3). Background data and study
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area data are sumyarized in Tables H-6 thmugh H-8 of Appendix H. The upper 93% confidence
limit about the mean for derived background ([JCLQSB) values for each of the background groups
is shown in Figures 9-6A, B, and C.

9.4.3 Tdentification of Contaminants

Following the definitions given in Section 3, the background comparisons shown in Figures
9-6A through 9-6C indicate that a number of naturally occurring parameters significantly exceed
the derived background levels (>>2 times background). In the shailow aquifer {alluvium-
Kimmswick Limestone/Decorah Group), these parameters include three anions (bromide, chloride
and sulfate), 14 metals (aiveninum, arsenic, chromium, cobalt, copper, iron, manganease, m&rdury,
nickel, potassium, sodivm, thallinm, vanadium, and zinc), two miscellaneous parameters {otganic
carbon and phosphorous), three radionuclides (Rn-222, Th-230, and total uranium), and gross
alpha and gross beta. Significantly elevated parameters in the Plattin Limestone include five
metals (barizm, cadmiuin, calcium, manganese, and mercury) and two radicauclides (Rn-222 and
total uranium}. With the exception of sulfate, sodium, calcum, and pntassmm these parameters
are trace constituents in grnundwater '

Maxiraum nitroaromatic compound concentrations measured in groundwater during 1995-
1996 are given in Figure 9-6D. Elevated levels of nitroaromatic compounds occur in the alluvium
and shallow bedrock north of the slongh. : -

Of the identified contaminants, uranium, gross alpha, nitroaromatic compounds (2,4-DNT
and 2,4,6-TNT), and thallinm exceed prirmary water quality standards; iron, manganese, -and
aluminum exceed secondary standards (as given in Section 3); and antimony exceeds EPA health
advisory levels. Locations where these elevated levels occur are identified in Table 9-2.
Contamainants- that excead primary water quality standards are the major coacern in quarry vicinity
groundwater. These contarninants, plus sulfate and arsenic, form the basis for discussion of the
nature and extent of contamination.

Sulfate is included because, on a well-by-well basis, it exceeds water guality standards
north of the stough, its geochemical characteristics are similar to those of uraniam, and its
concentration is an indicator of the oxidation potential of the aguifer. Arsenic is included because
it is consistently above water quality standards in wells located adjacent to the scuth side of the
slough. To avoid redundancy, gross alpha, which reflects the activity of all radionuclides that emit
alpha particles, is not carried forward in the following discussions because concentrations are
primarily comntrolled by uranium levels in groundwater. '
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FIGURE 9-8A Groundwater; Background Comparisen for Naturally- Oceurring
Parameters in Alluvium : '

The bar graphs dispiay the UCL35 value for each data group {JCL9%,) divided by the
U195 value for background {UCLE6,). Values greater than 2 indicate significant deviation
trom background iSection 3} Note: Rate set to 1 if 100% of sample data were below the
limit of detection.
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FIGURE 9-6B Groundwater: Background Comparisen for Naturally Occurring
~ Parameters in Kimmswick Limestone/Decorah Group - '

The bar graphs display the UCL8% valug for each data group {DCLEEL) divided by the
UCL95 value for background {UCLS5,). Values greatér than 2 indicats signiicant deviation
from background {Section 3} Mote: Rate set to 1 if 100% of sample data were below the
limit of detaction. '
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FIGURE 9-6C .  Groundwatsr; Background Comparison for Naturally Occurring
Parameters in Plattin Limestone

The bar graphs display the UCL25 value for aéch ﬂata grﬁup {LUCLB5) divided by the
1ICLAS value for background {UCLAB,. Values greater than 2 indicata signtficant deviation

from background {Section 3 Note: Rate set to 1 if 100% of sampla data were below the
limit of datection. . '
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FIGURE 9-8D Groundwater: Maximum Nitroaromatic Compound Concentrations for -

1995-1396

TABLE 9-2 Areas Where Contaminants Exceed Water Quality Standards

AWF-P

CONTAMINANT ISTANDARD) NS-A [ NS-KD | N5-P | OP-A | OPKD | WF-A
Primary Standards
Gross Alpha {15 pCi/l} x| x ' X
Uranium {13.6 pCi/l) x X X
2 4-DNT (311 ugfl X X ' A
Arsenic (50 ug/l x*
Thallium {2 nad) X X X X X
Antimony {B g/} b
Secondary Standards
Aluminum {200 ug/h X X X X
Manganese {50 gl X 4 X X X X X
Sulfate {250 mg/M X X* X* |
#|ndicates localizad area of significant contamination within data grouping
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Antimony and thallium values, which exceed water quality standards at backgreund and
potentially impacted locations, appear to be an artifact of the CLP prescribed method used to
analyze these samples. For antimony, this methed yielded a detection limit of 60 xg/1, which is
10 times the maximum contaminant level (MCL) of 6 wg/l. Samples collected more recently have -
been analyzed by a method that has. detection limits below the MCL. These data {identified as
Antimony* in Table H-6) indicate antimony only exceeds the MCL in the NS-KD and the WF-P
sample groups, although the sarnple size is limited. Detection limits for thallium were varied, but
rypically were greater than 20 jg/l, which is 10 times the MCL of 2 pg/l. Additional samples will
be collected and analyzed for both antimony and thallium o determine whether levels exceed
MCLs.

9.5  Distribution and Sources of Primary Contaminants

Although a large volume of contaminated material was present in the quarry from 1941
until mid-1995, the extent of groundwater contamination: has remained relatively constant since
the WSSRAP began monitoring in 1987. Although the extent has remained relatively constant,
contamninant concentrations have varied widely during the 9.5 year monitoring period. This
variation probably resulis in large part from bulk waste construction and removal activities, which
disturbed the wasts and exposed fresh surfaces to leaching. As shown in Figure 9-7, disturbance -
of the wasie began in 1991 with the construction of the quarry water treatment plant and ended in
late 1995 with final removal activities. Contaminant levels have also been influenced by the -
dramatic fluctuation in groundwater levels during the 1987-1996 monitoring period, which
ncluded three major floods. '

Tima Scala: Major Floods and Quarry Reﬁadlaﬁun Activiies

QWTP Consir. Bulk Waste Ramoval

B0 M 52 % & g5 % 57
Year
FIGURE 9-7 Chronology of Events that Impacted Groundwater Near the
Quarry
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The distribution of uran'iy']m, nitroaromatic mmpﬂmds, thallium, sulfate, and arsenic in
the groundwater is discussed in the following sections. Not all of these contaminants are related
to quarry sources. Other potential contaminant sources are also evaluated.

9.5.1 Nitroaromatic Compounds

Nitroaromatic compounds detected in groundwater are derived from waste and debris that
were removed from the former Weldon Spring Ordnance Works and stored in the quarry. In
addition to trinitrotoluene (TNT) and dinitrotoluene (DNT), this waste includes a series of
production by-products and degradation compounds. During 9.5 years of monitoring, six wells
have yielded groundwater contarinated with one or mere nitrearomatic compound in excess of
5.1 ppb. Four were shallow bedrock wells, and two were alluvial wells, The highest
concentrations of total nitroaromatic componnds have occurred in MW-1002, a bedrock well on
the eastern rim of the quarry, and in MW-1006, an alluvial well located east-southeast of the
quarry (Figure 9-1). A separate area of coritamination extends from the western margin of the
quarty where mitroaromatic compounds (in excess of 0.1 ppb) are found in one alluvial well and
four shallow bedrock wells. As in the eastern plume, the highest concentrations oceur in a bedrock
well (MW-1027) close to the quarry proper.

Nitroaromatic compounds have not been detected south of the slough; however,
nitroaromatic compounds analyzed during the routine monitoring are primarily oxidized
compounds. These compeunds could be degraded to more reduced species near the Femme Osage
Slough and migrate, undetected, into the well field. A special study was conducted to examine a
suite of nitroaromatic degradation compounds (reduced species) at monitoring locations south of
the slough. Like the primary suite of compounds analyzed by the WSSRAP, these degradation
compounds were also below the limit of detection. Coupled with previous monitoring data, the
results indicate that the nitroaromatic contamination is confined to the north side of the slough.
Figure 9-8 shows concentrations and the distribution of nitroaromatic compounds for the post-
remediation period (1995-1996). '

Nitroaromatic compounds 2,4,6-TNT and 2,6-DNT are generally found in bedrock and
alluviwm groundwater on the east side of the quarry proper and in a portion of the downgradient
alluvinum. A western area of nitroarormatic contamination is evident in Figure 9-8, where 2,4-DNT
is measured primarily in one Kimmswick-Decorah well (MW-1027). The distribution and fate of
nitroaromatics in the quarry groundwater are controlled by the location of the source (see Flgure

9-2), groundwater flow direction and gradient (see Figure 8-7), and attenuation processes acting
on the contaminants. Although relatively soluble in water, these compounds are particularly
susceptible to various transformation processes and are likely confined t0 the north side of the
siough primarily by a combination of biodegradation and redox reactions. Transfer and transport
processes such as sorption and advection/dispersion also play a role in the distribution of the
compounds. :
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£BG-8PG L EHOA0G

pousd Buloluow

AwONNOE AHEYTTD —X

TEMTMATIY g

a N 3

5 3 1

et T

gEGL-G66 L 10} senjeA abeiaAy uo pesey _mu:.:n.nEnu u_EEEmEH_Z ioy syyados| [1ajempLnain) g-6 I4NSId
DOLOE T WA Wl CARILNEE Y JLT0LE p——
PRLE TOMERTY EH |3 L SO ENITHNOD HinA B E s W . [ ] T ok
HALI VSR vHDOUDIN | e - o
- HACLNOY — TiEMNJOHOTE W




REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPEAAELE UNIT: WELDDH SPRING SITE, WELDON SPRING, MO

Microbial degradation is probably the most important of the processes which break down
nitroaromatic compounds and is enhanced by the increase of organic material in alluvivm adjacent
to the slongh and Litile Femme Osage Creek. Reducing conditions near the slough provide lower
oxidation potentials to enhance the degradation of the compounds.

At the start of the bulk waste construction activities, concentrations of nitrearomatic
compounds increased sharply in most monitoring wells where these componnds had previously
been detected. Figure 9-9A shows the trend for TNT in selected wells that monitor- the eastern
plume, and Figure 9-9B shows the trend in MW-1027. As remediation progressed, concentrations
began to decrease, and by early 1996 were below pre-1991 levels in all wells except MW-1002
(Figure 9-9A). The rapid decline after waste removal indicates that sorption of nitroaromatic
compounds onto aguifer solids probably is not significant. The persistence of low levels of these
compounds likely represents residual contaminated groundwater that is being flushed from pore

- spaces and smal} fractures. The rate that concentrations of these compounds is decreasing appears
to be related to the lithology of the aguifer. Wells screened in alluvial materials showed a faster
rate of decrease than those screened in the bedrock. This difference likely results from the
increased rate of microbial degradation in the alluvium. If this hypothesis is correct, concentrations
of nitroaromatic compounds should continue to decrease more I‘ﬂpldl}F in the alluvial aquifer than
in the bedrock aquifers. '

9.5.2 Sulfate

Sulfate is a soluble sulfur-oxygen anionic complex that is stable in oxidizing conditions.
Sulfate sorption on aquifer solids is not a significant process, but precipitation as barium sulfate
{BaSQ,) limits dissolved concentrations. Because barium is a4 cornmoen irace constiment of guarry '
.aquifers, sulfaie levels rarely exceed 600 mgfl even north of the slough where the highest levels
are found.

The sulfate anion is not stable under reducing conditions as shown ia Figure 9-10 which
compares sulfate concentrations with Eh valoes. Under these conditions, the oxidation state of
sulfur decreases from 4+ to 27, and the sulfide ion becomes the stable form of sulfur. This ion
forms imsoluble phases with a qumber of readily zvailable metals, resulting in extremely low
sulfide concentrations in groundwater. Sulfide has not been measured routinely at the quarry;
however, its presence can be interred by absence or extremely low levels of sulfate.

Contrary to the expecied relationship with the redox state of the aquifer, a few monitoring
locations have yielded groundwater with elevated sulfate levels and low Eh values. This
relationship reflects non-equilibrium conditions and probably results from mixing sulfate-rich
oxygenated water with oxygen-poor, reduced water. This mixing may occur locally in the agquifer
or during sampling if a monitoring well is screened across layers with differing oxidation
potentials.
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FIGURE 8-9B Historic 2,4,6-TNT Levels at Bedrock Monitoring Well MW-1027
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDOM SPRING SITE, WELDON SPRING, MO

Notth of the Femine Qsage Slough, sulfate levels are.lower in the Plattin Limestone than
i the alluvium, Kimmswick Limestone, and Decorah Group. This relationship may indicate that
culfur content or the oxidation potential of the Plattin Limestone is lower than: the other units.
Elevated sulfate levels are usually associated with elevated levels of uraniym, which respond
similarly to the oxidation potential of the aquifer. This relationship is shown in Figure 9-11.
Although uranium and sulfate are soluble as anionic complexes, uranivm is more strongly sorbed
on solids, especially those preseit in the alluvial aquifer. Thus, sutfate and uraninm levels do not
form a linear trend in Figure 9-11.
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FIGURE $-11 Groundwater, Cnmparisan of Sulfate and Uranium Activity

Bulk waste is the probable source of elevated sulfate concentratiops that oceur north of the
Femme Osage Slough. However, it is also possible that some sulfate is formed from oxidation
of sulfides in the aquifer. Although sulfate levels did respond to waste-removal activities, the
increases and decreases were not as dramatic as those of the mitroaromatic compounds, indicating
that other, possibly natural, sources of sifate may be present inn the aquifer, '
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9.5.3 Uranium

Uranium is the major quarry-related groundwater contanminant. It is the only radicrlﬂgical' '
constituent of the bulk waste materials that is readily dissolved in groundwater. Like suifate,
uranium is soluble under oxidizing conditions but precipitates in a number of insoluble phases
under reducing conditions (Refs. 60 and 61)." In bicarbonate-type groundwater, which is present
in both the satarated bedrock and alluvium, uranium is soluble as an. anionic carbonate compilex.
Levels of dissolved uraniurn do not show a direct correlation with carbonate alkalinity, however.

Unlike sulfate, uraninm is sorbed onto solid materials, especially iron-manganese oxides and -

organic matter (Ref. 62) as observed in soil borings south of the quarry, The affinity of uranium
for organic matter was also qualitatively observed during remediation of the shallow soils in the
vicinity property directly south of the quarry. During this action, the highest levels of uranium
were found associated with tree roots and in-a dark soil layer that appeared to be rich in organic.
material. :

Uraninm-contaminated groundwater forms a plume that migrates from the southern margin
of the guarry and extends generally southward and eastward, as shown in Figure 9-12, in the
shallow aquifer and Plattin Limestone. To address the vertical heterogeneity, average praninm
concentrations for samples from different depths at the same general location were used to
" generate the plume maps. The highest uranium activity in groundwater occurs north of the Femime
Osage Slough. The vertical and horizontal variation in uraniom activity in the alluvial aquifer
probably results from lithologic heterogeneities, fracture flow from the quarry, and localized
changes in the oxidation potential. These features are schematically illustrated in Flgurf: 0-13.

In the shallow aquifer, uramium activity decreases abruptly near the northern miargin of the
slough in response to the sudden decrease in the oxidation poiential (Figure 9-4) which results in
reduction of uranium from the soluble U* to the insoluble U** state. The sharp decrease in

wranium levels indicates that sorption, which typically generates more diffuse houndarles plays

a minor role in attenuaiing uranium along this boundary. However, sorption is the primary
geochemical process along the eastern and western margins of the p]umc ‘which show a gradual
decrease in uranium levels.

Extensive study has been directed at understanding the geochemical controls on uranium
mobility in groundwater, and the results show that in the natural environment, uranium exists in
two predominant oxidation states: as uranous in the plus four (U™ valence state and as uranyl in
the plus six (U*% valence state. Under oxidizing conditions, uranium is in the uranyl form and
quite soluble in groundwater (Ref. 82} through the formation of stable complexes. This behavior
allows the dissolution and transport of uranium in oxidized environments. Figure 9-4 shows that
oxidizing com:lmons exist in saturated bedrock beneath and south of the quarry proper and in the
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notthern portion of the alluvial aquiter which coincides with the area of ¢levated uraninm activity
- in groundwaier. :

Electrochemical reduction of the uranyl ion (U*%) to the uranous form (U**} leads to the.
precipitation of uraninite (U0,) and coffinite (USiO,) and a decrease in the dissolved concentration
of uranium in groundwater. The particular precipitating form is dependent on the activity of
dissolved silica in the systern. The solubility of uraninite (or coffinite) under reducing conditions,
which are present in the alluvial aquifer in the vicinity of Femme Osage Slough, is small {(Ref. 82).
Naturally occurring compounds known to cause the reduction and precipitation of reduced uranium
species include hydrogen sulfide {or bisulfide ion), iron disuifide minerals, such as pyrite and
matcasite, ferrous iron-bearing species, hydrogen, and organic carbon, many of which have been
* identified in the alluvial materials north of the slough. For apparently kinetic reasons, methane and
aminonia are relatively ineffective at redncing the uranyl ion at low temperatures (< 100° C) and
are not expected to occur in the quarry area. " ' '

Typical urany! reduction reactions resulting in the formation of uraninite mchade:
4[U0,(CO,)"] + HS + 15H' = 4UQ, + 50,7 + 12C0Oy(g) + 8H,0
UQ,(CO)* + 2Fe*? + 3H,0 = UQ, + 2Fe(OH), + 3C0O{g)

The decrease in the concentration of dissolved uranium upon the precipitation of uraninite” "
(or coffinite) is large, which explains the abrupt decrease in uranium activity in groundwater near
the northern margin of Femme Osage Slough. Under oxidizing conditions, uranyl complexes can
result in dissolved equilibrinm concentratiens on the order of hundreds of parts per billion. (ppb) -
or greater. Except for pH conditions below about 2 10 3, the uranous ion c;:inr.entration is tjfpica]l:.r
less than 0.01 ppb.

Calculations were performed to determine if the uranium contamination in the alluvium
north of Femme Osage Slough could have been precipitated or adsorbed from grounkdwater moving
south from the quarry and through the geochemical reduction zone. An area of soil contamination
referred to as the Group SQ (soils south of the quarry and nerth of the slough) was selected for-
this analysis because it is in the flow path of the uranium plume migrating in groundwater, and
sampling shows that elevated uranium contamination is present in the alluvium. Group SQ is
shown on Figure 6-6.

The first calculation was made to guantify Ehe. mass of uraniwm which has moved in
groundwater from the quarry and into the alluvium. The following assumptions were made in
order to perform the calculation:
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REMEDEAL INVESTIGATION FOR THE GUARRY RESIDUALS UPERABLE UNIT: WELDCN SPRING SITE, WELDODN SPRING, MO

+ The average concentration of uranium in 4 cross-section through the plume has been
2,829 pCi/L.

« Contaminated groundwater had been flowing into the alluvium since 1970, the
‘approximate time of the first evidence of groundwater contamination, untii the present
{27 years).

.+ The volume of flow is approximately 7,500 gallons per day or half the total flow
sysiem shown on Figure &-18.

The calculation to quantify the mass of uranium which has meved in gronndwater from the
quarry and into the area of contaminated alluvium is as foliows:

Groundwater Concentration {Total 1) x Time x Flow Quantity = Total Mass
OR
- 2829 pCifliter x 27 years x 7500 gal/day = 8 x 10" pCi

~ The results of the first calculation show that approximately 0.8 x 107 pCi of uranium '
flowed in groundwater from the quarry and into the geochemical reduction zone.

A second calculation was made to quantify the mass of uranium which may have been
precipitated or adsorbed by the alluvium in the contaminated area north of the slough. The
following assumptions were made in order to perform the second calculation:

« The area of contaminationt is approximately 900 feet by 200 feet and includes
borings QRSB-23, QRSB-ET {JRSB-35, QRSB-S& -QRSB-37, QRSB-38, and
QRSB-40.

« The contaminated aliuvium is approximately 15 feet thick.
« The weighted average concentration of uranium in the area of contamination is 22.4

pCi/g based on a weighted average of the aboratory results from borings in this
Area.

_ The calculation to quantify the mass of uranium which was precipitated or adsorbed by the
alluvium in the contaminated area north of the slough is as follows:

S0il Volume x Bulk Density. x Soil Concentration (U} = Total Mass

.OR
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900 ft x 200 ft x 15 £t x 100 Ib/fi3 x 22.4 pCifg = 2.7 x 107 pCi

The resulis of the second calculation show that approximately 2.7 x 10% pCi of uranium
were present in the soils prior to remediation of the Vicinity Property 9 area in 1996, The results
of these calculations provide strong evidence that uranjum may be removed from groundwater and
precipitated or adsorbed by the alluvium in the geochemical reduction zone. Values calculated for
proundwater may be Iower than those calculated for soils based on historically higher uranium
levels being monitored in these wells than the average has accounted for in this calculation. The -
processes of precipitation and adsorption explain the sharp decrease in the concentration of .
uranijum in the vicinity of Femme Osage Slough shown on the isopleths (Figure 9-12).

South of the slough, slightly elevated uranium levels have been observed in a shallow
alluvial monitoring well (MW-1011, mean activity 10.5 pCi/), temporary piezometers and well
point samples {maximum activity 14.6 pCi/), and in a deeper monitoring well (MW-RMW2Z mean
concentration 5,67 pCifl), which is screened over the entire thickness of the alluvium. Plausible
sources of this uranium are (1) migration of contaminated groundwater beneath the slough, {2)
seepage from the slough, (3) leaching from naturally occurring uranium-rich sediments or from
contaminated sediments that were ransported and deposited sonth of the slough during floods, and
(4) the Missouri River or other natural sources. None of these.sources can be definitively
supported or eliminated. ‘ '

For all locations except MW-RMW?2, the first source (migration of contamination beneath -
the slough) is difficult to support hydrologicaily because of the downward flow component in the -
shallow alluvium, as discussed in Section 8. For uranium-contaminated groundwater to travel to
these shallow monitoring locations south of the slough, gradients would have to be upward or
horizontal. The second source (seepage from the slough) is plausible, but uranium is present at
relatively low levels in the slough and may not be soluble in the secpage as it migrates through the
reduced zone surrounding the slough. The third scurce is not supported by snil_characterizatiijn
data; however, soil sampling was not conducted to specifically address this possibility. The fourth
source cannot be supported by uranium data from the background locations or from the Missouri
River. Although slightly elevated uranium has been detected in the shallow groundwater in the
well field, elevated uranium has not been detected in any of the pumping wells, which primarily
prcducé water from the deeper, coarser-grained portions of the aguifer.

Migration of uranium-contaminated groundwater beneath the slough to MW-RMW?2, which
is screened o bedrock, can be supported hydrologically. Uranium-contaminated groundwater
could travel beyond the reduction zone if oxygenated water persists in some areas or if the
hydraulic conductivity in preferred pathways such as sand layers is high enocugh to limit
geochemical reactions in the reduced zone, '
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Acccelerated transport of uranium-contaminated groundwater alonyg layers of sand or gravels
that extend beneath the slough (see Section 8) is a plausible explanation for the elevated uranium
levels at MW-RMW?2, In addition to limiting reaction fime, such zones are unlikely environments
for accumulation of decaying organic matter. Although these scenarios are reasonable, an obvious
pathway connecting MW-RMW2 to the uraninm plume north of the stough could not be identified,
and therefore is not shown in Figure 9-12. If uranium observed in MW-RMW?2 is related to the
plume emanating Trom the quarry, the fractional contribution from this source to groundiwater near
this well appears to be relatively constant. As shown in Figure 9-14, uranium levels in
MW-RMW?2 have varied randomly about a mean value of approximately 5.6 pCi/] for the past 16
years. It should be noted that the concentrations observed in RWM-2 falt within the background
range {0.1-16 pCi/l) as determined in Darst Bottoms. This random distribution amnd the absence
of trends in the data indicate that steady-state conditions have probably been established at MW-
 RMW?2. Although uranium derived from locations north of the slough may be reaching MW-
RMW?2, it has not been detected at abcwe background levels in the pumping wells that supply
water to St. Charles County.

1&

TOTAL URANILM [pCHiy
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DATE

FIGURE 9-14 Historic Uranium Lavels at MyW-RMW2

Uranivm' levels and impacted locations have not been strongly influenced by quarry
remediation activities. Although levels were generally higher during the remediation period and
lower at the end of the period, these trends are not readily apparent. To illustrate this point,
historic uranium data from representative alluvial and bedrock wells are shown in Figure 9-15.
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The most siriking aspect of these figures is the short-range variability. This variation appears to
be unrelated to seasonal effects because trend analyses performed for annual site environmental
reports {Refs. 40, 41, 42) have not shown periodicity in the historic data. In addition, historic
patterns from neighboring wells show no correlation. Some variation may be related o flood-
induced changes in the aquifer and to guarry activities, but additional processes, such as
groundwater mixing in the aquifer or in the well during sampling, are probably involved. '

_In contrast to the shallow aquifer, wraninm activity at ene location in the shallow Plattin
Limestone increased after conclusion of bulk waste removal, as shown by historic trend at MW-
1031 (Figure 9-15). By late 1996, however, the activity began 1o decrease. The trend observed
at this well probably reflects a delayed response to waste removal activity in the quarry due to the -
exiremely low conductivity of the Plattin Limestone.

9.5.4 Arsenic

Arsenic is present at significantly elevated {evels in the aliuvial groundwater along the
southern margin of the Femme Osage Slough (Figure 9-16). As shown in Figare 9-17, high
arsenic levels typically are associated with elevated levels of dissolved iron, low levels of sulfate,
and low Eh measurements. As described in Section 9.3.3, this assemblage {i.e., high iron, high
arsenic, low sulfate, and low Eh levels) is indicative of a strongly reducing environment. This
conclusion is also supported by field observations. Field persormel noted the odor of H,S (sulfide
gas} in soil borings collected from these areas. Elevated arsenic levels are not present in the
oxidized portions of the fine-grained alluvial aquifer, the deép coarse-grained portion of the
alluvial aguifer, or in bedrock groundwater. '

The waste stored in the quarry is an unlikely source for elevated arsenic measured in -
groundwater south of the slough. Although characterization of the quarry wastes identified arsenic
as a contaminant {Ref. 43, elevated arsenic levels were not detected in the quarry pond (Refs. 37,
38, and 393, which was in direct contact with the waste. Further indication that arsenic was not
readily leached from the wastes was provided by results from Toxicity Characteristic Leaching
Procedure {TCLP) tests performed on the wastes removed from the quarry. TCLP tests are
designed to simulate leaching from a landfill into the groundwater system under slightly acidic
conditions. These conditions are similar to those that existed in the quarry as siighﬂy acidic
precipitation fell on the wastes. Results from the TCLP tests {Appendix H, Table H-9) showed
. that all samples were below the TCLP limit, and most were below the level of detection, indicating
that arsenic was not readily leached from the bulk wastes.
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FIGURE 9-16 Groundwater: Arsenic Isopleths for the Shallow Aguifer

High arsenic levels have not been detected in groundwater samples from wells located
north of the slough. However, arsenic could have been transported across this area undetected in
colloidal iron-manganese oxides that were removed when groundwater samples were filtered. To
evaluate the quarry as a potential arsenic source, data from filtered samples wete compared with
data from unfiltered samples, which would have yielded elevated levels if arsenic was present in
colloidal phases. The similar, low levels of arsenic measured in the filtered and unfiltered samples
(Appendix H} indicate that colloidal transport is unlikely. '

A study of natorally occurring arsenic in groundwater (Ref. 63) has shown that elevated
arsenic levels are common where reducing conditions and low hydraulic conductivities exist in
floodplains -of midwestern rivers. The authors of this study concluded that the most plausible
source for this arsenic is reduction and dissclution of iron—mangancse:' oxides, which absorb arsenic
from river or stream water. These oxides typically occur as colloidal phases that are carried in

suspension by the rivers and are deposited with fine-grained altuvium in low energy areas of the
" floodplain, Typically these areas also accumulate decaying orgamic matier, which creates the
reducing conditions that evenmally dissolve the oXides and release arsenic to the groundwater.
This description is consistent with the characteristics of the area adjacent to the slough where high
arsenic levels are found. : _ -
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9 5.5 Miscellaneons Metals

Aluminum was present at elevated levels ai several locations. Although aluminum may
have been present in the quarry wastes, it Was not a major constitvent and it is not soluble in the
~ pH-Eh range that has existed in the quarry aquifers. The likely source of aluminnm is naturally
occurring sediments and colloidal clay particles included in groundwater samples.

Wﬁg behave similarly to alurninum under oxidizing conditions but become
soluble as the oxidation state decreases. Both elements occur natarally in aguifer minerals, which
are considered to be the primary source of these groundwater contaminants. :

Thallium levels are above the threshold that defines a contaminant (Sectien: 3) and slightly
exceed the MCLs. Because detection limits for thallinr are often higher than the waier quality -
standard (2 wg/), it is difficult to determine whether the calculated UCL93 values retlect
groundwater contamination or are artifacts of the lack of sensitivity in the analytical technique.

Thallium was found at low levels in the bulk wastes, and slightly elevated thallium values
have been detzcted in other media sampled for this investigation. The thallium occurrences have
been sporadic, however, and are difficalt to attribute to a single source. Additional sampling will
be performed with detection limits less than the MCL to verify its presence in groundwater.

Antimony levels exceed the MCL. Becanse detection Iimits for antimony are significantly
higher than the water quality standard (6 «g/D), it is difficult to determine whether the calculated
UCLS5 values reflect aciual concenirations or are artifacts of the lack of sensitivity of .the
analytical method. Additional sampling will be performed with a detection limit less than the MCL
(o verify its presence in groundwater.

9.6  Significant Observations

»  Uranium and nitroaromatic compounds are the primary quarry'-derived contaminanis.
in-groundwarer.

+ Contaminant plumes are limited to the north side of the slough. Low levels of uranium
have been measured at two monitoring weils south of the ﬂc-ugh: RMW?2 (average
value = 5.67 pCi/t)y and 1011 (average value = 10.5 pCi/l). These wells fall within .
the background ranges for total uranivm as measured in Darst Bottoms.

+ The rapid decrease in groundwater contaminant levels at the slough probably results
from a reducing zone that degrades nitroaromatic compounds and precipitates uranium-
bearing phases.
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+ Elevated arsenic levels along the slough are most likely unrelated to quarry wastes.

« Concentrations of nitroaromatic compounds are decreéasing in response to bulk waste
removal and are expected to contirue decreasing, whereas uranium concentrations have
shown little decline. The persistence of uranium indicates secondary sources are
present, namely alluvial soils and aquifer materials, located north of the slough.

+ Antimony and thallinm values may exceed the MCLs, but due to the high detection
limits, the existing data canmot be used for comparison. To make a comparison,
additional sampies will be obtained and anajyzed vsing detection limits less than or
equal to the MCL.
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10 CONTAMINANT FATE AND TRANSPORT

In this section, significant observations concerning the nature and extent of contamination
in all media are integrated to form a conceptiual model showing the distribution and movement of
contarninants in the quarry environmental system. The major processes and observations that form
the basis for this model are described elsewhere it this report. In this section, they are briefly
summarized in tables. Near the end of this section, the conceptual mode! is presented in graphical
form, and projected future conditions in the quarry system are examined with respect to the
conceptual model,

10.1 Residual Contaminated Media

Contaminants were first introduced into the environment when wastes were placed in the
quarry and wastewater was discharged from the Weldon Spring Ordnance Works into the Littie
Femme Osage Creek. Although bulk waste has been removed from the quarcy and only low levels
of contamination are present in runoff from the former ordnance works, some contamination
persists in various media: soils, surface water, sediments, and groundwater. In the vicinity of the
quarry, some of these media contain high concentrations of one or more quarry-related
contaminants, Significantly contaminated media {i.e., media with levels of contamination greater
than two times background or greater than the water quality or screemng guideline levels presented
in Section 3) are sumnmarized in Table 10-1.

TABLE 10-1 Summary of Contaminated Madia in the Quarry System

CONTAMINANTS
MEDIUM LOCATION Maejor™ Minar™
Soil Guemy Prapar Ra-226, Ra-22B, Th-230 Metafs, U, Mitroarometic
Campaunds, PAaHs, PLBs
Morth af Slaugh " Maone : Matals, F, U
Sediment Slough None U, Metals,
Litthe Femme Ozage Dreek Mg U, Metals
Surface Slough lJ Metals, Aniohs,
Watar :
Little Femmse Osage Craak Mone Mitroarometic Compounds
Groundwatgr | Alluvium, North of Slough U, Hitroeromatic Compeounds, Tt S0,
Dacarah Group, Merth of Slough U, Nitroaromatic Compounds Ta0,
Plattin Limestone, North of Slough U Nona
Alluvium, Seuth ¢f Slough Mone U
{a) Major contaminants: = watar guality standards ar 10-5 risk leval
ik Minor contaminaniis: = 2 x hackaround amd < watpr guadlity staodard or ggk 10-9 leval

COE/OR/Z 1648-687, Rev. 2 {Finall 10-1 022498




REMECHAL IMVESTIGATION FOR THE QUARRY RESISUALS OPERABLE UNIT: WELDOM SPRING SITE. WELDON SPRING, MO

10.2 Transport Mechanisms

Before a quarty-related contaminant can occur in media outside the quarry, a transpert
mechanism or agent nust be available, The characteristics of available transport mechanisms in
the vicinity of the quarry are summarized in Table 10-2. As the table indicates, the primary
transport agent is water, mainly groundwater. Although some contaminants were transported by

wind prior to bulk waste removal, this pathway is now insignificant.

TABLE 10-2 Potential Mechanisms Affecting Contaminant Transport

TYPE AGENT MATERIAL TRANSPORTED CONTAMMNANTS SIGNIFICANCE
Phyysical Air Jwind) Fina-grained looee surface Any contarinant Insignificant sinca
Transport toll or waste material physicalbyfghemically remaval of weste
attached 1o sofid
Surfaca Watar, Soils and small particles af . Ay contaminant Limited t¢ surfacs
QUATY [raper other solide ang dissolved physica!y/chemicalky runeff collacted in
contartinants attached to solid quarry
Surface \Water, Sails énd small particlas of Ay cantaminant Minar axcapt for
autslda quarry other solids angd -dissalvad phrysically/chernically Missouri River durlng
pagper T cantaminants” attachad to solid food stege
Groundwater Extromaly fina solids and Ay contaminent Putentially significant
collaidal material - physizally febemicaly in bedrock fracturas
attached to galid
Solute Surface Water Dissolvad and complaxed U, 20, nitrosremetic Significant in surface
Transport aniens and cations GOMpoUnds water inside and
outside tha quarry
Groundwater Disgglvad and somplaxed U, 30, nitroaromatic Significant in both
anipns and catiens compounds alluvium and badrock
Diffusion Adr Gas exsolved from radium- Redon Insignificant snce
contaminatad soil ramgval of wasta

10.3 Geochemical Behavior of Cnntmni_nants

During transpert in water, contamingnts may be attenuated by several processes which are
summarized in Table 10-3. Some of these processes are reversible, i.e., if conditions change, the
contaminant could be released back to the transporting medium. Dissolution-precipitation and
sorption-desorption reactions are the major geochemical processes that contrel the mobility of
major quarry-related contaminants in water. These processes, which are described in Section 9, -
control the mobility of contaminants in groundwater as well as surface water.
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Table 10-3 shows the environmental conditions that affect the solubility of najor quatry-
related contaminants and the sorption capacity of affected media for these contarmnants. With the
exception of Eh, system parameters that can affect contdminant solubility or sorption {i.e.,
temperature, pressure, and pH) vary slightly in the quarry environment. Because these parameters
are essentially invariant, they are not discussed here.

Geochemical Behavior of Quarry-Related Contaminants in Wafer

TABLE 10-3
SOLURILITY RELATIVE SORPTION CAPACITY
CONTAMINANT
{SOLLIBLE FORM OXIDIZING REDUCING SO CRGANIC BEDROCK™
CONDITIONS™ CONDITIONS™ MATERIAL™
Lirandum Laluble; for L° . Yary low solublity: Fair; limited Good Poor
valgnce, mohility for UM valence, by content of
enhanced by cor e iratlon Fe-Mn oxides
Spolulrle as formaton of tawals limited by and organic
anignic complax anionie complexes pracipitation of rnatter
with carbobata ion uranium oxides and
sillcates
Nitroaromatle Moderately soluble Muoderataly solubls Poar an Bood; organic Poar
Compourslz silicats riaterial also
minerals favars
[afays, degradation
quarty, ete) through
micrpbiat
DIOGESERS
Sultate Good; for 594 Poor; for 5% Poar; fimitad Limited by Poar
valenss, valance, by znion sites Bab patition
concentration concentration and by with mora
levals limited by levals limitad by competitian strongly
Soiuble as pracipitation of precipitation of with more sorbed anions
ankonic complex harite (BaS0, and Eulfide minerals strongly
anhydrite sarbed anions
{Cas0,.H,0)
Radium Pour; Mot affacted by Good Gonod Poor
concentratian changas In Eh
Ievels limitad by
Soiuipla as cation formation of
raciuem sulfates and
other minerals
Tharkum Foor; congentration Mot affacted by Qood Good Poor
levala fimitad by ahangas in Eh
formation of
Soluble as cation thorium exldes and
hydroxides

{g] Oxidizing conditiona result from exposdre to the atmosphere, infiltration of oxidized weter, and the pragence of oxidized
phases in the aquifer,

bl Reducing conditions resuft from the presence of dagaying arganic matter and the presence of reduced phases in the sguifer,

] Anion sotption is minar, controtled by organic content of ggil, and limited to Fa-Mn oxidas. ' )

{d} Lerge surfaga area, axcallant sorptlon of catiens and good sorption of snfons.

{e] Smell surface arer imits getion sprptian; anion sites typleally insignificant,
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10.4 Potential Contaminant Sources

- Contaminant sources that persist in the guarry environmental system are listed in Tabie
10-4, and are based on information sunimarized in the previous tables. The significance of these
sources is related to risks that may result from release and migration of contaminants from these
sources. to biological or human receptors. These issues are evaluated in the Baseline Risk
Assessment (Ref. 84), which accompanies this decument. -

TABLE 10-4 Remaining Sources of Mobile Contaminants

. . MOEILE

SOURCE LOCATION CONTAMINANT TRANSFORT AGENT | IMPACTED MEDLA

Soil Cwuarry fragtures Uranium Surface waker! Grogndwater;

o : . groundwatst surfack water
{quamy pond)

Aluvium north of | Liranlum Surface water! Graundwater;

slough . . groundwater ' anil;
curfage water -
[=lough)
Chuarry fracturas; Uranium; Surfacs water/ Groundwatar;

Groyndwatar

alluvial and bedriock rHirgarematic groundwater soil;

aquifers north of compounds; . surfate watar
slough pulfate tslought .
Surface Water Fernme Oszage Uranium Surface watsri Grownohwaters;.
Silough groundwratar seddiment;
surfaca soil
Little Fernme Osapa Mltroaromatic Surfaca water Sedimant
Creek campunds
Quarry pond™ " Uranium Groundwater Grotndwatarisoll
Sediment Famme Crzage Lrarivm Surface water/ Surface water;
Slough groundwater groundwatar
[EY Minar source because concentratians are sighlfleantly lower than thase in groundwater dewngradient from pond,

10.5 Conceptual Maodel

Figure 10-1 summarizes the concepual model of the quarry system. The model includes
historic soutces {now removed) and currently active sources, which may continue to disperse
contamivation. The model describes the fate of each contaminant dnd shows how each is
transported. It also identifies processes that occur as water moves from the quarry toward the St.
Charles County well field. -
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These processes contribute te the reduction of contaminant concentrations, which are
relatively high north of the Femme Osage Slough, to near background levels south of the slough.
These processes are redox reactions, dilution, and sorption.

10.5.1 Redox Reactions

Redox reactions are a significant cause of the sharp decrease in uranmum, sulfate, and
nitroaromatic compound concentrations that occurs near the northern margin of the Femme Osage
Siough. As described in Section 9, these reactions reduce uranium and sulfur to lower oxidation
states at which they form insoluble compounds. The primary nitroarcmatic compounds also
degrade in response to lower oxidation potentials and microbial activity that ocours in this area.

The strongly reducing environment assaciated- with the Fernme Osage Slough s
schematically shown in Figure 10-2. This area, which is primarily composed of fine-grained
sediments and clays, is expected to be coincident with the permanently saturated zone beneath the
stough. Seepage from the slough, which maintains saturated conditions in the soil, .is probably
responsible for the persistence of low oxidation potentials in this zone. In addition to physically
preventing diffusion of oxygen irto this area, this seepage is also a source of highly reduced
soluble species derived trom decay of organic material at the base of the slough.

The reduced zone extends downward (probably to bedrock in most locations) and outward
from the slough. It extends south of the slough due to the prevailing hydraulic - gradient and
interaction with oxygenated groundwater along the northern slough margin. The variability in
redox sensitive parameters in some monitoring wells located directly north of the slough suggests
that the northern margin is characterized by interfingering of reduced and exidized sediments and
that it probably shifts back and forth in response to seasonal variation in slough and groundwater
levels. This shift is exhibited in wetls MW-1007 and MW-1002, which are located within 30 feet
from the edge of the slough.

The fine-grained silis and clays found in most soil borings from areas immediately adjacent
to the slough and the sharp change in: groundwater contaminani concentrations on opposite sides
of the slough indicate that the reducing zone is a continuous feature that intercepts most alluvial
groundwater traveling south from the quarry area toward the well field. This redox barrier is
probably penetrated in a few areas by stringers of sand, which may occur at any depih but are
most likely to be present in bedrock depressions associated with' palecdrainages. If reaction
kinetics are sufficiently slow, the higher permeabilities in: these stringers could allow contaminants

. to persist in their soluble, oxidized state and thus migrate toward the wel} field. This possibility

is indicated by the dashed lines crossing the reduction zone in Figure 10-1. However, these
permeable areas are not abundant. Wiﬂ_} one exception, groundwater samples from deep alluvial
well points and monitoring wells south of the slough have yielded background levels of uramum.
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As discussed in Section 9, the exception is MW-RMW2, which has displayed a stable range of
yranium concenirations for the past 10 years,

_ Because of the reduced natuie of the scils, uranium should not be soluble in water seeping

from the slough, with the possible exception of water migrating within a few millimeters of the
air-water interface. Thus, elevated uramium levels observed in groundwater at shallow alluvial
locations south of the slough are unlikely to be refated to the slough.

10.5.2 DMlutiom

Dilution and mixing become progressively greater as groundwater migrates toward the St.
Chartes County well field. As discussed in Section 8, groundwater originating from areas north
of the slough is a small fraction of the total water budget for the well field. Induced infiltration
from the Missouri River is the primary source of water.

10.5.3 Sorption

Sorption onto saturated and unsaturated soils and sediments has limited groundwater and
surface water transport of many radionuclides, metals, and organic compounds. Based on the
observed contaminant distributions to redox reactions, however, sorption is less significant than
redox reactions for attenuating uranium. Sorption continues to occur on the western and easiern
margins of the plume, slowing lateral migration of uranium-contaminated grourxwater. .

10.6 Simulation of Putentisil Migration of Cuntaminhtiun to- the St.- Charles County
Wellfield |

The St. Charles County welifieid is located in the area between the stough and the Missouri
River. Eight production wells are used on a rotating basis-to pump an average of 10.5 mgd from
the coarse-grained materials of the Missouri River alluviom, Uranium contamination has been
identified in a few monitoring wells and piezometers scuth of the slough and there is concern that
the operation of the production wells will eventually draw contaminated water or existing natiral
processes will not adequately limit the migration of uranium into the area where the production.
wells are located.

A model was completed to estimate migration pathways of uranmm contaminated
groundwater originating from north of the slough, the contaminant distribution within the plume,
ang the concentration of the discharge from the wells capturing the plure for a 20-year simulation
period (Appendix I). It is expected that a large arnount of dilution takes place at the wells because
the primary source of the water to these wells is derived from the Missouri River. The model
provides an estimate of the ufanium concentration that could occur in the wellfield under the
hypothetical scenario of a complete breakthrough of contamination past the reducing environmert
adjacent to the slough. A complete description of the model is provided in Appendix 1. '
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The following assumptions form-the basis for the model scenarios presented in this
. remedial investigation: '

« All chemical or hydraulic barriers to migratjon of the uranium plume toward the
welltield do not exist.

+ Average, steady-state hydrologic conditions exist

+ Chemical transport will be based on the simulated steady-state hydrologic conditions.

+ The source of uranium contamination to the wellfield area is uniform and COntinuonis
and originated from the area north of the slough.,

+ The average concentration of the plume along a ¢ross section perpendicular to the flow
is 2829 pCi/l. '

The modeled area is bounded by the Katy Trail, the Missouri River, and an arbitrary
boundary a few miles southwest of the Femme Osage Creck. This simulation assumes there is no
seepage from the slough or the Femme Osage Creek.

10.6.1 No Pumping Scenario

A steady-state condition with no pumping of the production wells was rn 1o simulate a
migration pathway for the-uranium plume should operation of the wellfield stop (Figure 10-3) In
general, groundwater levels are maintained at approximately the same levels as the water fevel in
the Missouri River. The direction of groundwater flow is almost parailel'to the Missouri River.
The path taken by the contaminant plume is parallel to the bedrock/alluvium contact and eveniually
discharges to the Missouri River.

10.6.2 Wellfield Pumping Scenario

Steady-state hydrologic conditions with operation of the production wells were sinmilated
to determine the migration pathway. for the wranium phume (Figure 10-4). A base transport
condition with no dispersion or retardation was simulated to iltustrate the impact of dilution from
the production of the wells on contaminant migration (Figure 10-3). Two contaminant transport
conditions were sinmilated to illustrate the impact of dispersion and retardation on the movement
of the contamination (Figures 10-6 and 10-7). Dispersion is a mechanical process thal has the
affect of spreading the plume along the flow path and reducing the levels the conceniration.
Dispersion perpendicular to the flow path {transverse) is generally less than the dispersion in the :
direction of flow (ongimdinal). Dispersion increases the velocity of the contaminant movement .
in both the transverse and longitudinal direction so that a plume with dispersion wili arrive at 2
point in the flow path before a plume without dispersion: Retardation is a function of limited
adsorption of contaminant on the aquifer matrix and reduces the velocity of the contaminant
movernent.
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i

FIGURE 10-3 - Uranium Isopleths for the Simulated Quarry Flume without
' Groundwater Pumping

FIGURE 10-4 Simulated Steady-State Groundwater Level Contours
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I .r |

FIGURE 10-6 Uranium Isogpleths for the Simulated Quarry Fiume without Dispersion
or Retardation '
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FIGURE 18-6 Uranium Isopleths for the Simulated Quarry Plume with Dispersion
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Simulation with no dispersion or retardation indicates that after 20 years the contaminant
plume is primarily captured by PW-8 (Figure 10-5). Under these conditions, minor impacts are
observed in neighboring PW-9. The uranium level in groandwater produced from PW-8 and PW-$ |
are 5 ugft (3.4 pCifly and 0.15 ugsl (0.1-pCifl), respectively.

The configuration of the plurme with dispersion (Figure 10-6) at 20 years shows very little
apparent difference it the contours. A value of 20 fi was used for dispersion. There 15 a significant
difference in the concentration at PW-8. The concentration is approximately 13.7 ng/1 (9.3 pCi/l)
in groundwater pumped from PW-8 and 0.6 pg/l (0.4 pCY1) from PW-9.

The effect of retardation on the plume at 20 years is more evident thar that of dispersion
(Figure 10-7). The retardation coefficient used for this simulation is approximately 7.4. With
retardation, the concentration from PW-8 is only 0.14 ug/1 (0.1 pCi/) and no impact was observed
in PW-9. ' :

The effects of dispersion can be seen in plots of conceniration versus time for PW-3
(Figure 10-8). This plot shows the variation in concentration with time at the pumping well with
and without dispersion. It shows that in addition to increasing the value of the concentration,
contamination reaches the production well sooner than the condition with no dispersion. The.
concentration at the well with retardation is smali and does not show up at the scale of this plot.

10.7 . Projected Future Conditions in the Quarry Environmental System

A major concern for the Quarry Residuals Operable Unit is whether potential future
migration of uranium-contaminated groundwater could impact water quality at the St. Charies '
County well field. Although there will always be a level of uncertainty surrounding this question,
the processes (redox reactions and dilution) that have prevented detectable uranium migration'to -
the pumping wells are relatively robust. Dilution in the well field reduces the countribution of-
groundwater from sources north of the slough to less than 1% (Ref. 83). These processes are
independent and provide redundant protection for the drinking water supply.

Quarry restoration, which may include backfilling, will likely decrease oxidation potentials
" downgradient from the quarry. These soils, which may be amended with organic material, will
be saturated in the lower portions of the quarry. If amended with crganic material, the soil will
provide an environment whete the free oxygen in groundwater will be consumed rapidly'. The
reduced groundwater will migrate downgradient into the bedrock and to the alluvium. Over time,
influx of this groundwater should gradually reduce the oxidation potential of the alluvial aquifer
north of the slough.
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FIGURE 10-7 Uranium Isopleths for the Simulated Quarry Plume with
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FIGURE 10-8  Simulated Change in Uranium Concentration in Production Wall
PW-8 with Time
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Continved flushing at the alluvial aguifer north of the slough will gradually reduce uranium
levels in groundwater. Although site-specific distribution coefficients have not been determined
for the alluvial aguifer north of the slough, the values are expected (o be high based on the
presence of clay and organic material. Combined with the low hydrautic conductivity of the
alluvium, an extended period of flushing may be required to desorb uranium in this portion of the
aquifer. '

Future redox potentials at shallow levels in the alluvia! aquifer may vary with wet and dry
climate cycies that change the elevation of the phreatic surface. Oxidation potentials should -
decrease during wet or flood periods and increase during dry periods as the saturated zone rises
and falls, respectively. Extreme wet and dry periods have occurred during the last 10 years, bat
corresponding increases in contaminant mobility have not been observed. Funure conditions may
become more reducing if the area is allowed to remain flooded for long periods. It is unlikely that
conditions would become miore oxidizing than they were when the well field area was actively
farmed. During farming, soils are regularly mrned over, exposing new surfaces to the air, organic
material is removed from the area during harvests; and potentially oxidized nutrients are applied
to the soil.
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11 SUMMARY OF BASELINE RISK ASSESSMENT
1.1 Significant Observations from the Baseline Risk Assessment

The radiological contaminants-of potential concern (COPC) include wranium, Ra-226, Ra- .
228 and thorium (primarily Th-230). Chemical COPC include metals and nitroaromatic
compounds. Polychlorinated biphenyls (PCBs) were also detected in the soils of the quarry
proper. A list of COPC for the various areas is presented in the baseline risk assessment.

Consistent with current and likely foture land use for the quarry area, potential exposure
was evaluated for a recreational visitor at the quarry proper and Femme Osage Slough. The
estimates for the slough should be representative of those for the creeks because contaminant
concentrations reported for the creeks are generally lower than those reported for the slough.
Exposure to groundwater af the quarry area is an incomplete pathway becanse areas with elevated
contaminant concentrations are not used for residential, agricuitural, or other purposes. In
addition, the low vields determnined for the area are not expected to support any sustained use for
the shallow groundwater. However, in order to provide information concerning potential exposure
from ingestion and dermal contact with contaminated groundwater; bounding calculations were
performed for a hypothetical resident. '

The results for the recreational visitor exposed to multiple locations and media via multiple
pathways indicate that radiclogical and chemical risks are within the target risk range of 10° to
10, Hazard indices are also less than 1, indicating that systemic toxicity is not a concern. Upper-
hound estimates of risk from exposure to gronndwater by a hypothetical resident indicate several
wells with a risk greater than 10* located north of the slough and directly south and southeast of’
the quarry. The major contributors to risk are uratium and 2,6-DNT. Hazard guotients greaier
than 1 were also estimated for a few. wells located in this area. '

No risks were identified to aquatic biota for most contaminants of potential ecological
concern. Current levels of aluminum, barium, manganese, and total uranium in the surface water
of the Femme Osage Slough and the Little Femme Osage Creek have been identified as potentially
posing risks to aquatic biota using these habitats. However, biotic surveys of the slough and creek
found macroinvertebrate and fish communities typical of similar habitats in the Midwest, and no
obvious adverse effects on aquatic biota were observed in the slough or creek. '

Risk estimates for terrestrial wildlife based on modeling results indicated no risks to
receptors foraging in the Femme Osage Slough. or drinking from the slough or the Little Fernme
~.Osage Creek. Internal and external examinations of small mammals collected from the site failed
to show any abriormatities that might indicate adverse effects on srnall mammals. Tissue analyses
of fish indicated uranjum concentrations within the range reperted in the literamre for
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contaminated and uncontaminated sites in North America and for which no adverse effects have
been observed. Tissue concentrations of radionuclides in small mammals coliected from the
Quarry Residuals Operable Unit were comparable to levels detected in specimens from reference
sites. On the basis of the absence of any observable adverse effects to aquatic or terrestrial biota,
the generally low levels of potential risk identified for aguatic biota and no risks to terrestrial
wildlife, the current levels of contarnination in surface water and sediments from Femme Osage
Slough and Little Fernme Osage Creek do not appear to have impacted ecological resources at
these habitats, and do not pose a future risk to biota at the site.
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12 - SUMMARY
12.1 General

» Any action that dismrbs the archeological site on the south guarry rim will requiré
Phase I mitigation.

.  Contaminant discussions focus on naturally cccurting parameters that exceed two {imes
background and anthropogenic parameters greater than zero. Special emphasis is given
to parameters that exceed water guality standards {grnuﬁdwatcr and surface water) ot
screening criteria presented in the Work Plan (soil and sediment).

12,2  Air

«  Rn-222, gamma radiation, radioaciive airborne particulaies, and asbestos are presently
at background levels and are below U.S. Department of Energy (DOE) protection
criteria.

» Rn-220 (thoron) éxceeds. background at one location on the northeast corner of the
qUaITy proper.

12.3 Ecology

The ecological investigations indicate that there are no adverse impacts 10 hiological
communities in the vicinity of the quarry. This conclusion is based on the following: '

« Survey data indicate ne significant differences in species diversify and COMINLEY
equality between study areas and reference areas for trees and saplings/shrubs.

» The communities south of the quarry are typical of Missouri floodplain habitats.

« Studies of fish obtained from the Femme Osage Slough showed that biguptake of
grapium was occurring, but levels did not pose a threat to human health.

« Renthic invertebrate diversity in Litile Femme Osage Creek near the quarry did not
significantly differ from the reference location upstrear. '

»  Herpetofauna survey results indicate no significant differences between number and
types of specics observed at the quarry and the reference location.
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=  No State or Federal listed spécics were found during herpetofauna and vegetation
surveys. Bald eagles were observed during winter surveys in the area between the
quarry and the Missouri River.

- 12.4  Soils
+ Limestone bedrock in the guarry proper does not exhibit fixed contamination.
s+ Soil in wall fractures within the quarry is relatively free of contamination.

+ Isolated areas of contamination ate present in the “triangle” area. Characterization in -
. the triangle area will be performed when safe access can be established.

- Limited volumes of soil in quarry fleor fractures and depressions and at the base of the
surmp are contaminated with radimm, Th-230, and vranium. Other contarninants are
present at low levels or were not detected. '

« Low levels of uranium are sorbed onto soils located between the quarry and the slough.
Low levels of other contaminants {radiommclides, nitroaromatic compounds, and
metals) also occur in this area, primarily in the upper 5 ft interval. Transport to the
area in the groundwater appears to be a plausible explanation for elevated uranfum
levels.

« Overbark flooding by the Misscurl River may be-a source 'pf-elevatsd metals in surface
soils south of the quarry. :

12.5 Surface Water and Sediments

+ The guarry pond recharges gradually, primarily in response to precipitation; and the
total uranium activity has been in the 400 pCif/! to 550 pCi/l range since pumpdown of
the quarry pond in mid-April 1996.

«  Surface water and sediments of the Little Femime Osage Creek have been influenced
by activities at the former ordnance works.

+  Many of the parameters elevated in the surface of the upper and lower Femme Osage
stough are also elevated in the Missouri River which is routinely diverted to or floods
the slough. '
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» Surface water and sediments mthc Femme Osage slough have probably been impacted
by migration of groundwater from the quarry congaining elevated levels of uranium.

12.6 Hydrogeology

« The aquifer system at the quarry is composed of two media: limestone bedrock and
alluviom,

 The bedrock units of interest in the quarry area are the Kimmswick Limestone, the
Decorah Group, and the Plattin Limestone, Fractures in the Kimmswick Limestone
extend downward into the Decorah Group which suggests that in the vicinity of the
quarty, these units are hydraulically connected. The greatest aumber of vertical and
herizontal fractures occur i the Kimmswick Limestone. The Plattin Limesione is . -
massive with very littie vertical or hortzontal fracturing. The potential for groundwater
movernent in the limestone umits is greater in the horizontal direction,

»  Course-grained deposits comprise the bottom 20 to 80 ft of the Missouri River
floodplain, Fine-grained deposits comprise the upper 15 to 25 ft of the Missouri River
floodplain and the full thickness of the Little Fernme Osage Creek and Femme Osage
Creek alluvium. The fine-grained deposits consist of silty clay and clayey silf with
alternating layers and lenses of fine sand and silts. '

« Groupdwater movement in the limestone units is predominantly controlled by the
distribution. of interconnected fractures, Preferential flow -occurs along: vertical
fractures and horizontal bedding planes, most which occur in the Kimmswick
Limestone. ‘Where vertical fractures intersect bedding planes, the fractures are
typically enlarged by dissolution.

« Groundwater movement in the alluvium is primarily dependent upon the grain size
distribution of the sediments. Lower hydraulic conductivites are associated with fine-
grained overbank deposits north of the slough. Higher hydraulic conductivities are
associated with coarse-grained channel deposits south of the slough.

+ Groundwater flows south and southeast in the limestone bedrock from the upland area
to the alluvial floodplain.

»  Croundwater flow in the coarse-grained alluvium beneath the fleodplain is to the east
towards the Missouri River.
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«  North of the slough, the hydraulic head within the alluvium generally decreases with
depth, indicating downward movement of groundwater. Within the alluvium south of
the slough, the hydraulic head also decreases with depth. Closer to the river, the
hydraulic head within the alluvium is uniform or increases with depth, indicating the
vertical component of movemnent is negligible. and the horizontal flow component is
predominant,

« Interaction occurs between the slough and the altuvial aquifer. Typically, the surface.
water in the slough seeps into the groundwater. In localized areas, the groyndwater
discharges into the stough as indicated by hydraulic head measurements io the alluvium
adjacent to the slough.

12.7  Growndwater Quality

« Uranium and nitroaromatic compounds are the primary quarry-derived contaminants
in the quarry aquifers. '

+ Contaminant plumes are limited to the north side of the slough except for the presence
of uranium at low levels in two monitoring wells (RMW?2 and 1011) south of the
slongh. These wells fall within the ba-::kgrmind ranges for total uranium as measured
imn Darst Bottoms,

» 'The significant reduction in groundwater contamination in the vicinity of the slough.
 results from a geochernical reducing zone that degrades nitroaromatic compounds and
precipitates uranium-bearing phases. '

« Flevated arsenic levels along the slough are unretated to the quarry.

+ Concentrations of nitroaromatic compounds are decreasing in response io butk waste
removal.and are expected to continue decreasing. Uranium concentrations have shown.
little decline, indicating that secondary sources are present in the aguifer, namely, soils
contaminated with low levels of uranium (generally less than 30 pCi/g U-238).

12.8 Baseline Risk Assessment

+ Radiological and chemical risks and the hazard indices are within the acceptable range
for the recreational visitor at the quarry and Femme Osage Slough areas.

+ . The upper bound radiclogical and chemical carcinogenic risks and the hazard index for
the recreational visitor ingesting groundwater are within accepiable risk ranges.
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« No adverse effects o aquatic bibta from quarry -activities have been observed in the
Femnme Osage Slough or the Little Femme Osage Creek. ' '

« The current levels of contamination in surface water and sediments from the Femme
Osage Slough and the Little Femme Osage Creek apparently have not and will not pose
a risk to ecological resources in these arcas.

12.9 Additional Investigations

"The results of this remedial investigation indicate that additional information would
augment the mlderstandil_‘lg of the groundwater system and contamninant migration south of the
guarry. The need to perform the following investigations to obtain this information will be
evaluated:

+ Determination of sorption/desorption coefficients of the alluvium with respect to
uraniuti.

+ Definition of the murphﬂlﬂg}' of the fluvial deposits north and in the Vl(:lmt}' of the
. Femme Dsagﬁ Slough.

12.9.1 Uranium Desorption Properties of the Alluvial Materials

Contaminated soils and aquifer materials are present in the alluvium north of the slongh,
The desorption rates of uranium from these materials has not been quantified, although estimates
of acceptable ranges can be referenced. To fully evaluate natural flushing of the groundwater
north of the slough, site-specific valves need to be obtained to determine how long it wili be
before levels begin te significantly decrease. '

12.9.2 Stratigraphic Control of Groundwater Movement in the Alluvium

The morphology of the fluvial deposits north of, and in, the vicinity of the Femme Osage
Slough sheuld be evaluated to better understand the - distribution of contaminants and define
potentizl pathways for contaminant migration to the south. Available soil and groundwater data
indicate the vertical distribution of contaminants is complex but presently is not correlated o grain
size or depositional feamres. The potential for contamination exists 2t well MW-RMW?2, although
no pathway to the south has been defined. Additional definition of the stratigraphy could be
accomplished by performing borehole geophysical logs in existing wells.or in new boreholes if
drilling is undertaken.
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